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ABSTRACT

Introduction: This dissertation develops a grounded and dynamic theory of primary care
transformation (PCT) in a health service delivery organization (HSDO) implementing the
Patient-Centered Medical Home model, in the United States of America. The focus of this
theory is on the structural facilitators and challenges to achieving and sustaining high quality

primary care.

Methodology: Fieldwork performed included semi-structured interviews conducted across the
HSDO (n=82), direct observations (n=10 clinics) and archival review. This dissertation utilizes
newly-developed methods for theory development and validation, in concert with existing
system dynamics methods; with an improved potential to integrate findings across

guantitative and qualitative research directions.

Results: My theory illuminates how the actions of various stakeholders (medical assistants,
managers, clinicians and patients) interact with each other and with the fundamental

characteristics of primary care service delivery to create diverse transformation trajectories.

Two types of leverage points are identified: policies and preferences. The latter are more
difficult to modify as they require changing stakeholders’ mental models. It is the combination
of policies and preferences interacting within the system structure that produces hoped-for
and feared transformation trajectories. There is no policy that induces success regardless of
stakeholder preferences. There are some preferences that induce success or failure regardless

of the policies being implemented.

Conclusion: Sustaining success requires understanding the system structure within which
policies and preferences operate —how decisions are made, their consequences, and the
delays involved. Otherwise, transformation risks being overwhelmed by unintended
consequences, misunderstood system behavior or impatience. This work presents an
improved understanding of what PCT involves, and of how operational and cognitive aspects

intersect.

Overall, this work is more than a study of transformation. It presents theory, methods and a

case for the development of an integrative methodology and paradigm.



KEY WORDS

primary care, tenets, tensions, task-shifting, task-sharing, transformation, Patient-Centered
Medical Home (PCMH), mixed methods, health services research, system dynamics, systems
thinking, causal loop diagrams, validation, mental models, cognitive limitations, paradigm,
paradigm crossing, transition zones, integrative paradigm, interplay, stories with numbers,

emotional engagement

FUNDING SUPPORT

While | did not receive a dissertations-specific grant or contract, | did benefit from funded-
work that supported my dissertation research. This is the funding that | wish to acknowledge

in this section.

Specifically, this work was funded in part by grants from the United States Agency for
Healthcare Research & Quality (AHRQ) and conference support from the World Health

Organization, the London School of Hygiene and Tropical Medicine and the University of Utah.

The primary funding source other than my own funds was the AHRQ funded “Transformed
Primary Care — Care By Design” grant R18 H519136-01 (PI: Michael K. Magill). This grant was
part of the AHRQ Transforming Primary Care Practice grants:

https://www.ahrq.gov/professionals/systems/primary-care/tpc/index.html.

Additional grants and contracts that funded work which informed my general understanding
during this time included: an AHRQ conference grant (R13 HS0219933-01; PI: Robert A.
Gabbay), the AHRQ “Successful Strategies—Care Management” contract R18 H5020106-01 (P!I:
Michael K. Magill) as well as a subcontract with Econometrica, Inc. (2235-000-UTAH; PI:
Magill), which was operating under AHRQ contract HHSA2902007 TO No. 5.

The views expressed in this dissertation are solely those of the author and do not represent

those of any U.S. government agency or any institution with which the author is affiliated.


https://www.ahrq.gov/professionals/systems/primary-care/tpc/index.html

ACKNOWLEDGEMENTS

First and foremost, | wish to thank Sam, John, Costica and Maria, as well as my extended

family, for their love and support along this journey.

Thank you also to Dr. Karl Blanchet and Dr. Zaid Chalabi, my supervisors, who provided much
needed guidance and opportunities to grow not only within my dissertation but also in other
work. Thank you to my advisory committee who provided guidance in preparation for the
initial proposal (the upgrading document) as well as at critical points since; they are Dr. Bernd
Rechel, Professor Martin McKee, Professor Sir Andy Haines and Dr. Jenny Neuburger. Also, at
LSHTM more broadly, thank you to my friends and advisors Dr. Nicki Thorogood and Professor

John Cairns.

This study would not have been possible without the encouragement of Professor Michael K.
Magill, Professor Debra L. Scammon, Dr. Julie Day, Rachel Day, and Professor Timothy W.
Farrell. It also benefited from the feedback of others on the University of Utah Care By
Design™ Research Team, namely Professor Norman Waitzman and Professor Jaewhan Kim.
One could say this work started in the summer of 2008 in Ghana when | first met Mike and we
talked about our mutual desire to strengthen primary care. |joined his team and, as a
multidisciplinary research team embedded within a health services delivery organization, we
applied for grants to study the transformation the organization was undergoing. Creative,
mixed methods approaches were not only welcomed but also encouraged. Thank you for
investing in me, for giving me the opportunity to organically craft this work and for mentoring
me throughout. | would also like to thank the managers, clinicians and medical assistants at

the Community Clinics and University Hospital for their contributions.

Likewise, | thank those outside the organization who provided guidance and insight. These
include: from the Hershey Transforming Primary Care Research Group, Dr. Bob Gabbay, Dr.
Rob Reid, Dr. Leif Solberg and Dr. Neil Calman as well as invited guest Dr. Mark Freidberg;
from the World Health Organization, Dr. Taghreed Adam; and many from the System
Dynamics Society, most notably Professors Deborah & David Andersen, Professor Rod
MacDonald, Gary Hirsch, Professor Yaman Barlas, Professor Hazhir Rahmandad, Professor John

Barton, Professor Andy Ford, Professor Khaled Saeed and Professor Jay W. Forrester.

The first time | attended the annual conference, | had the opportunity to have lunch with Jay,
Yaman and others and hear Jay’s thoughts regarding mental data. | have often thought back
to that day as | developed my methods. John was first to talk through my ideas with me at the

conference. Gary first oriented me to the grammar of Causal Loop Diagrams, David pointed



me to purposive text analysis, Andy helped me to see my reference mode, Khaled introduced
the idea of slicing complex problems and Hazhir encouraged me to think about methods for
saturation and shared understanding in qualitative model validation. Last but certainly not

least, Rod mentored me through the simulation model development process.

Thank you to AHRQ for funding the initial project and for approving the work proposed in this
dissertation as well as for the Hershey conference grant that spawned the Hershey
Transforming Primary Care Research Group that was helpful as | developed this work and my

broader thinking on methods and primary care transformation.

Thank you to AHRQ, LSHTM and WHO/Alliance for Health Policy and Systems Research for
supporting me in attending conferences to develop and disseminate this work. Itisin such
venues that | gained useful feedback as the work progressed and now as | think about what

future research might be useful.

Thank you my friends at the MIT/Albany/WPI PhD Colloquium, as well as the MIT and WPI SD
student groups who provided general and project-specific feedback and insights as my work
progressed. Thank you also to my research degree friends at LSHTM, especially Nilla Backman,

Svetlana Anker, Emma Garnett, Jorn Jacobsen and Maureen Seguin.

Thank you to Unity Health Care, Inc. and Mary’s Center, two Federally Qualified Health Centers
in the Washington DC area, where | worked and gained a passion for providing high quality
primary care to everyone and saw that it can be done! Thank you to the University of Utah,
University Healthcare as it allowed me to study how this can be done in an integrated health
system. Thank you to the RAND Corporation, as it allowed me to work part-time so that |
could finish this dissertation while at the same time providing a stimulating work environment

that allowed me to keep up to date with the research and policy developments in this area.

Thank you to Stanford University’s Human Biology program and the Haas Center for Public
Service that started me on my journey toward studying health systems from an

interdisciplinary perspective.

I would like to end these acknowledgements by thanking Sydne & Scott S. Parker, Dr. Phil R.
Lee, Dr. Geoff Heller, Professor Kurt Stange, Dr. John A. Peterson, Lynette & Phil Selander,
Loretta & Doug Allred and Kathy & Dr. John W. Gardner, Lorene & Jerry Jump, and Jane &
Ronald L. Sellers for their long-standing encouragement, example and mentorship as they

have worked to improve the human condition.



DECLARATION OF OWN WORK

I, Andrada Tomoaia-Cotisel, confirm that the work presented in this thesis is my own. Where
information has been derived from other sources, | confirm that this has been indicated in the

thesis.



TABLE OF CONTENTS

TABLE OF FIGURES ...iuiiititiiuietueteeteeseesasresssssessassassassessassasssssasssssasssssasssssssssssassnssnssnsss 16
TABLE OF TABLES ...cuiuieitiutteieteurecestesessesassesassssacessesassssassssassssssassssassssssssssssssssassasassasnsss 20
TABLE OF BOXES ...cuiuieiieteiretaeeerasesrecessesassassssssssssssssssesassssnssssassssssassssassssssssssssssssassasassasnsss 23
TABLE OF MOST COMMON ACRONYMS....cuiuieieetencensescensessansassassessessasssssassassassassassnssassnnse 24
TABLE OF ACRONYIMES ...cuiiuiiuieutentenceesessensessassessassassassassassassassassnssassnssasssssassnssassnssassnssassnsse 25
CHAPTER 1 INTRODUCGCTION ....iuitutieteaceaseecreseeceosesssasesssasssssssssssssssssssssssssssssssasssssassnssassnssans 27
1.1 INTRODUCTION ...cccieueiuuerueraneennsennsansrasseasseasssnssesssassraserasessssssssssssnsssnsssnsssnssanssasssassss 28
1.2 PRIMARY CARE .....cccuciiuuiieanereansiennasensssrnsssrsnssrsnssssnssssnssssnssssnsssssnssssnssssnssssnssssnssssnnsss 30
1.2.1 DEFINITION OF PRIMARY CARE ...cutuiiuerereeeeereeereseessesessseseessesssssssssssssssssssssssssssssssssssssansns 30
1.2.2 PROBLEM: FULL VALUE OF PRIMARY CARE HAS YET TO BE REALIZED ...c.ceureureerenreereneeerennnerennns 35
1.2.3 THEORETICAL AIM & OBJECTIVE H1...ccciuiiuirieerereerereecrerenseeressserenssessnssssssssssssssssssssssenses 40
1.3 HEALTH SERVICES RESEARCH ......ccccicueiiiuniieaneienssrennesensssrnnssssnssssnsssenssssnssssnssssnasssnnsas 41
1.3.1 PROBLEM: FULL POTENTIAL OF MIXED METHODS HAS YET TO BE REALIZED ...ccceuveerenreerenreerennns 41
1.3.2 METHODOLOGICAL AIM OF THE STUDY ..uieureereeeeereeceereecsesensseresssesesssssssssssssssssssssssssssssansas 42
1.3.2.1 OBIECTIVE #2: ADDRESSING PARADIGM ISSUES ...vuuiiirieeeeiieeeeriieeereieeeeesineesenneeessnneeessnnneens 42

ON WHICH DECISION-IMIAKING IS BASED ..uutivuniiiunieriiertneeiueerueersueersrerseesseesnsessusessesesseessseesssserssesssesens 44
1.3.2.3 OBIJECTIVE #4: ADDRESSING ISSUES OF EMPIRICAL VALIDITY wuuvvvuiiiniirnernnrerreerieernnerrneersnsernns 45
1.4 DISSERTATION OVERVIEW .....cocieininieieessnsnsassssssnsnssssssssasnssssssssssasnssssssssssassssssssssasas 46
CHAPTER 2 METHODOLOGY AND METHODS ......cociuisnmsssncsssssssssasnssssssssasassssssssasasasasasaseas 49
2.1 INTRODUCTION ..oocuiuensisnsacainssssnsnsssssssnsnsnssssssssasnssssssssasssssassssssasnsassssssssassssssssssasas 50
2.2 SYSTEM DYNAMICS. ....ureccnceressascnsnsessssnsnsssssssnsnsssassssasassssssssssasassssssssssassssssssssasase 54
2.2.1 AN ORIENTATION TO SYSTEM DYNAMICS...cetererererererererereresesesasessssssssssssssssesesesesesnsnsnsnnne 54
2.2.2 FROM MODEL TO THEORY — RESEARCH IN SYSTEM DYNAMICS IMODELING....ccecterererererererecncnene 57



2.2.2.1  CONCEPTUALIZATION ceetteeeiuuttreeteeeseaaaueeteeeeessaaaaunseseeeeessssaaunseseeeeesssssannesaeeeesssanansneeeeeeeeens 59

2.2.2.1.1  Problem Definition. ... it 59
2.2.2.1.2  DYNAMIC HYPOTNESIS ..vveiiiiiiiiieiiiie ettt ettt e e s s s e e s saae e e s snnneee s 60
2.2.2.2 SIMULATION IMIODEL .uttiuutiiutieutieteeteestee sttt site st eteesbeesbeesaeesatesabeeabeebeenseesneesmeesnseenseenseens 62
2.2.2.3  MODEL TESTING & VALIDATION .c.uteeteerueenutenieenieenteesteesseesseesusessesseesseesseesseesmeesnsesnseenseens 65
2.2.2.4  IMPLEMENTATION .utteiuteuteruteeteeteenteesseesueesueesaseeteesseesseesseesanesaseeaseeseenseesseesneesnseenseenseens 69

2.3 NEWLY-DEVELOPED METHODS FOR SYSTEM DYNAMICS MODELING IN THIS

DISSERTATION ..cccuueriennnneseennnnereennnnereennssereesnsssseesssssreesssssreessssssersssseseesssssseesssssseessssssesnnsssse 70
2.3.1 IVIODEL DEVELOPIMENT ....ceuuireuusiennssennssreusireesirsnsimenssseasssmssssmeessmsnsssensssenssssssssmenssrsnssses 72
2.3.1.1 RATIONALE FOR NEW MODEL DEVELOPMENT IMETHODS .....ccuuetiiteeeeeeeiieieeeeeeeeesnnneeeeeeeens 72
2.3.1.2 CAUSAL LOOP DIAGRAM COMBINATION ..ceetttereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseseseseseseeemememmmemesmmmmmmemmm 74
2.3.2  IVIODEL VALIDATION ...ceuuiteeuerensirensereasisessseseserssseressesesssstssssrssserssssssssesesssssssssrsssersnsanes 78
2.3.2.1  VALIDITY TYPES SUMMARY ..ccetttettteteeeteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeereeeeeeeeemmmemmme——.—.—.. 79
2.3.2.2 RATIONALE FOR NEW MODEL VALIDATION IMETHODS.....cccttttttrererererererereeemereremereeereeememererenee 82
2.3.2.3 NEWLY-DEVELOPED VALIDATION IMETHODS ...ceevtetrerrerreeereeeeeeeeeeeeeereeeeeeeeereeeseeeeesesesememmmemmmnee 83
2.4 METHODS.....cccetttruuneriinnnneriirnnneriinnsnessinnsssrsesnsssssesnsssssssnssssseonsssssssnsssssssnsssssesnsssssssnnes 91

2.4.1 CROSS-PHASE STEP - ITERATIVE IMPROVEMENT OF THE PROBLEM DEFINITION & DYNAMIC

HYPOTHESIS e ieteieiiieieieieisisisieissssssssesesssesssess s e s e e s s e s s e s e e e s e ee e e s e s e s e e e e e e e e e e e s e s e e e e e e e s e s e e e e e e e aaaaaaaesaaennns 93
2.4.2 PHASE 1 —MENTAL IMIODEL ELICITATION cceeeteteteeeseseseeeeeeeseeesssesesesesesesesssesssssesssssesssesssesens 93
2.4.3 PHASE 2 — DEVELOP CONCEPTUAL IMIODEL....cccttiiieiereeeeeeeseeeeeeesesesemesesssssesememeseseseseseseeenen 98
2.4.4 PHASE 3 — DEVELOP SIMULATION IMODEL...ccccettiereeeieeeeeeerememsesmesesemesesemesesemmsmssmesesesemesenen 98
2.4.5 CROSS-PHASE STEP: VALIDATION..cceeetetetereeeeeseesmesesseeessesssssesesssessmessesessesemmsesmmesesemesemenen 99
2.4.5. 1 CESSATION ..uutteuteeteesueenutesuteeteebeeabeesseesueesueeeateeateebeesheesaeesasesabeeabeeabeebeesneesneeenseenteenseens 99
2.4.5.2  DATA SUITABILITY teutterueeruterterteeteesseesseesseesseeesseeteesseesseesseesanesasesneesseesseesseesneesnseenseenseens 99
2.4.5.3  IMETHODS SUITABILITY w.eeeutteuteeteenseesieesitesreesseesseesseesusesasesaseeseesseesmeesmseenseenseesseesunesanenane 100
2.4.5.4 VALIDATION METHODS AS USED IN PHASE 2...ccuviiiieiiiriiieieeieeieesiee sttt 100
2.4.5.4.1 Shared Mental Model Saturation .......cc..coeeevieriiiiiisieeeeeee e 100
2.4.5.4.2 Conceptual Model Saturation.........ccueeeeeiieiiiiiiiee e e 101
2.4.5.4.3 Stakeholder Dialogue Reviewing Shared Mental Model..........ccccceevvieiieciieeeennee, 101
2.4.5.5 VALIDATION METHODS AS USED IN PHASE 3...cuuiiiiiiiiiieiieeieeieeie ettt s s 102
2.4.5.5.1 System Dynamics Model Standard Validation Methods Implemented ................. 102
2.4.5.5.2 Simulation Model Saturation...........ccecueeiiieriiieniee e 105
2.4.5.5.3 Stakeholder Dialogue Reviewing Simulation Model .........cccoeecviiieeeeiiiicciiiiieeeen, 105
2.4.5.6 VALIDATION METHODS AS USED IN PHASE 4......veiiiiiiieiieie ettt ettt 105



2.4.5.6.1 Stakeholder Dialogue Reviewing Policy Analysis.........ccccceeeeeieciiiieeeee e, 105

2.4.5.7  SYSTEM DYNAMICS SATURATION ...eeeicureerureeeiureasureeeseeesseesssesesssessnsesesssessssssessessssssessenans 106
2.4.5.8 STAKEHOLDER DIALOGUE SUITABILITY ..uveeiuteeeiureesureeeteeesseeessneesssessssseessessssssesssessnsesessennns 106
2.4.6 PHASE 4 — POLICY ANALYSIS .ceeuuuesseisesrrersssssssssssssnrssssssssssssssssssssssssssssssssssssssssssssssssannns 107
2.5 METHODS AIM SUMMARY ....ccceeememsssiessireeenssnsssssrrresessssssssssssssssssssssssssssssssssssssssssens 108
CHAPTER 3 RESULTS & VALIDATION....ccccitteeummnnnssssiiireeesssnssssssssrenesssssssssssssssessssssssssssssennns 109
3.1 INTRODUCTION ..iiiieeeeuenssssserereeesssnsssssssseessssssssssssssssssssssssssssssssssssssssssssssssssnsssssssssens 110
3.2 PHASE 1 — MENTAL MODEL ELICITATION ...cccuueeeieiiiireennnnnssssssieeesnnnssssssssresssssssssssssens 111
3.3 PHASE 2 — CONCEPTUAL MODEL .....cceiiiiieennnnssssiiirreensssssssssssssssssssssssssssssssssssssssssens 112
3.3.1 VARIATION WITHIN TEAM AND CLINIC CAUSAL LOOP DIAGRAMS ....cceuuresiseriinrennsnssssssssssnennns 112
3.3.2  SHARED IVIENTAL IMODEL ...c.euceutereneececnnrecessacassocassssacsssassssacassosassssassssssassncassasassssassssans 114
3.3.3  THE CONCEPTUAL IMIODEL....ccceteternreceerecenrocessecessscacsssosassacassosassssassssasassacassssassssassssans 116
R T8 700 0 A = 71 -1 ol [ o= I Yo o L3S PRSP 118
3.3.3.1.2  ReiNfOrCIiNG LOOPS .ooiicuviieiiiiiie e ceitee ettt eete e e s etee e e s ebae e e e sabae e e e s bae e e e sasaeeeenanes 119
3.4 PHASE 3 — SIMULATION MODEL ......cceiieeeenmmnnnneeeseeeeennnsnnnessreeeessnnsssssssseeeesnnnssssssssens 125
3.4.1 MODEL OVERVIEW....uucieeereernnnsssesssereesnnnssssssssssessnnnsssssssssssssnnnsssssssssssssnnnsssssssssnsssnnns 126
3.4.1.1 PROBLEM STATEMENT & REFERENCE IMODE.......ccccuuieruieeereeesnieesuesenneessnesesnseesnsesssseeessenans 126
3.4.1.2  TIME STEP & TIME HORIZON.....eeeeuieiiieeetieeeieeeiteeesteesteeessseesnsesesseessnsessnssessnsessnseessssenans 127
3.4.1.3  BOUNDARY ..cuttieiuieeiitieesuieeesteeessteestessnseesassessssesasssessseessssessnsessssessssessssessssesssseessnsessns 128
3.4.1.4 MODEL SECTOR SUMMARY .....uvtterureesresesreeeasessssesesssesassesessessssessssesssssesssssssnsessssesssssessns 133
3.4.2 A WALK THROUGH THE SIMULATION IMIODEL ....cceiiieeeennesssssssnsesnnnssssssssssssssnnssssssssssssssnne 137
3.4.2.1 PERSONNEL SECTOR....uuteesureesteresseeessesanseeeasesassesesssesssssssssessnsesasssessssesssssssnsessnsesssnsesans 138
3.4.2.2  WORK GENERATION SECTOR .. ceeesureesteesteresseessseeesssessssesesssessnsessssessssessssessnsessnsesssnsesans 147
3.4.2.3  TASKS SECTOR .eveerureeeureesireesieeesureesiteesssteesseessssessssesssseeesssessssessssseesssessssesssesssseeessseesns 153
3.4.2.3.1  MA-ONIY TASKS c.uutiiiiiciiee ettt et e e e eee e e e sbre e e e ebae e s e eabaee e eeanes 157
3.4.2.3.2 MD TeChniCal Tasks.......ueiieciiiiiiiiie e cciiee ettt e e et e e e e s e eaae e e e 159
3.4.2.3.3 MD Non-Technical Tasks.......cceecueiiiiiiiie ettt e e e e e 161
3.4.2.3.4 MA-AdVANCEA TASKS....uuiiiiiiiieeiiiiee e eitiee e eetree e eeire e e e stae e e s sbae e e e sbree s e sbaeesesnsaeeesnasens 163
3.4.2.3.5  TraininNg TASKS ..ccuvieeiiiiiie ettt ettt et e e e tre e e e etae e e e et ae e e e eabae e e e eabae e e eenbeeeeenanees 164
3.4.2.4  MA CAPABILITIES SECTOR ...eeeveeesureeeeeeeireeesseeesseeessesassesesssessnsessssssssssessssssssnsesssssssssesans 168
3.4.2.5 ACCOUNTING SECTOR ..uvieuveeereeesseeesisesaseseasesessssesssessssesesssessssessssssssssessssssssnsessssssssssesans 173
3.4.2.6  TASK-SHIFTING WILLINGNESS....ceesuveesreeesruresresasseeesssessssesesssessnsesassssessessssssssnsessnsssssssenans 180



3.4.2.6.1 Perceived MA Capability Ratio ......ccuvvieiiiiiiiciee e 187

3.4.2.6.2  MD Salary RAtIO ...ceeiieiiiee ettt e e s 188
3.4.2.6.3 Patient Satisfaction Ratio........ccceieiiieriiiiiiiieieeeee e 189
3.4.2.6.4  IMID CAULION cueeiiieiiieeteeiee ettt sttt ettt ettt st st e be e sbe e emeeeneeeneen 191
3.4.2.7  IMIEASURES OF INTEREST ..utteuttettenutesuteeteenteesseesseesmeeenseeseesseesueesmnesaseenneenseesmeesneesnseenseens 192
3.5 CROSS-PHASE STEP: VALIDATION ....ccccceieiiiiiiiinnnininsninsiinssissnsssnsssssssssssssssssssssnsssssnans 193
28 0 N 1137 Y 1o 194
TR N 0 7. 7 U Y- T 197
2R T 13 5 To o T U Y] 199
3.5.4 VALIDATION IN DEVELOPING THE CONCEPTUAL IMIODEL (PHASE 2)....cccveiiiererieerereneeeneneeenenens 201
3.5.4.1 SHARED MENTAL MODEL SATURATION ..euviiiieriiiriteriieeieenieesitesiteseesteeieesseesseesneesnseensaens 201
3.5.4.1.1 Variables Meeting Model’s PUIPOSE........cccuiiiiiiiiieiciee et 202
3.5.4.1.2 Shared Mental Model Saturation CUIVES .........ccoceierieeriieeiiieeeie et 203
3.5.4.1.3 Shared Mental Model Saturation Diagrams ........ccceeceeeeiiiieeeseiiee e 205
3.5.4.2 CONCEPTUAL MODEL SATURATION ....eeuvieureereesueesieesieeeseesseesseesssesnsessesssessseessessnsesnsesnsanns 208
3.5.4.2.1 Conceptual Model Saturation CUIVES........cueveieciiiieiiiee et ceree e e e e 208
3.5.4.2.2 Conceptual Model Saturation Diagrams..........ccccueeeeeiieeeeiirieeeeecieeeeeiree e e ereee e e 210
3.5.4.2.3 Rigorously-Interpreted Quotations for Conceptual Model Saturation .................. 213
3.5.4.3  STAKEHOLDER DIALOGUE.....ccutiuieiuiiiuieeteeteesiee sttt ete e bt esbeesatesaeesbeebeesbeesmeesmeeenneeeeens 213
3.5.5 VALIDATION IN DEVELOPING THE SIMULATION MODEL & PoLICY ANALYSIS (PHASES 3 & 4)...... 215
3.5.5.1 SySTEM DYNAMICS MODELING STANDARD VALIDATION METHODS RESULTS ..cc.veevueerueereeaeenns 215
3.5.5.1.1 Behavior Reproduction (Reference Mode)........cccceeeeuieiieccriieeecciee e 216
3.5.5.1.2  EXEIEME POlICY .uuvieeieiiee ettt ettt e tee e e e tte e e e e bae e e e et e e e e nbaee e eeanes 217
3.5.5.1.3 Mode Reproduction ADIlity .......ccceeiiiiiiiiiiiec e 218
3.5.5.1.4 BehaVvior PrediCtion ...t 218
3.5.5.1.5 An0omMalous/Surprise€ BENAVIOr.......c..coveieiieiiiieireeiree e ettt esreeseesneeveereenveens 220
3.5.5.1.6 Dimensional CONSISTENCY ......ceiiiciiiieiiiiiee ettt e e e bre e e e 220
3.5.5.1.7 Extreme Conditions in EQUAtiONS.......c.cceiiiiiiiiiciiie e e 221
3.5.5.1.8 Behavior SENSITIVILY ...c.ueiiiiciieei e 223
3.5.5.1.9 Behavior Boundary Adequacy/Structure Sensitivity ..........cccceeeeereeiveeeieeeireeereenns 223
3.5.5.1.10 POliCy SENSILIVILY cevveieeeeiiiiieeee et e e e e e e e 225
3.5.5.1.11 Policy Boundary AdEQUACY .......ccccuririeieeeeeieciiiieee e e e e eccierereee e e e e esnssraeeeeeeeessnssaneees 225
3.5.5.2  SIMULATION MODEL SATURATION ....ceeutteuteeteenutesutesueeeteenseesseesueesueesasesseesseesmeesneesnsessseens 226
3.5.5.2.1 Simulation Model Reproduces Scenarios in QUOtations ...........cecccuvvieeeeeeeeeccnnnnnn. 228
3.5.5.2.1.1  QUOLAtION CLO3-20...ccueiuieiieeieeie ettt sttt ettt sae e st st s be bt e sbeesaeesaeeeneeeneeens 228



3.5.5.2.1.2  QUOLAtION IMADS-07 ...eevrerererererrerreerererereeesreerereeeeeseseresesssesereeesreeesee..—....—.. 229

3.5.5.2.2 Simulation Model Reproduces the Essential Aspects of Scenarios in Quotations. 231

3.5.5.2.2.1 Quotation MA03-9, CL03-19, 22 through 24, CM01-57, 60 & 62.........cccvvvrenneee. 231
3.5.5.2.2.2  QUOLation CMOL-43 .. ..ottt st sttt s s ee e 236
3.5.5.2.2.3 Quotation MA03-04, NIMOL-36......ccceereeruiriiniienieeniie ettt esree e sseesneeeeeeneeens 236
3.5.5.2.3 Simulation Model clarifies aspects of Conceptual Model .........cccccceecviveiecrieeennnnn. 241
3.5.5.2.3.1 AQuotations MA03-9, 23 NMO01-33 and CL0O3-22&24 ........ccecceeveeneeneenieeieenieens 241
3.5.5.2.3.2  QUOLALION CIMOL-37 ...uiiiiiiiiieieeteeeet ettt ettt st sttt eee e 244

3.5.5.2.4 Simulation Model Reproduces System Behaviors in Causal Rigorously Interpreted

QUOTATIONS ... et 247
3.5.5.3  STAKEHOLDER DIALOGUE. ....ecuteuieruiisieeteenieenieesttesieeeseesteesseesssesasessseenseesseesseesnsesnsesnsanns 248
3.5.6 SYSTEM DYNAMICS SATURATION ...cuureenrensransrasirnsssnsssssrsssrsssrsssressssssssssassrasssnsssnssasssassss 250
3.5.6.1 PRIOR SATURATION RESULTS CONTRIBUTING TO SYSTEM DYNAMICS SATURATION....c.verveenenene 251
3.5.6.2  INFORMATION ACCUMULATION GRAPHS .....eeiuterueerutereeeteesieesieesasessesseenseesseesseessesnsesnseens 252
3.5.6.3 CAUSAL RIGOROUSLY-INTERPRETED QUOTATIONS FOR SYSTEM DYNAMICS SATURATION ........... 255
3.5.6.3.1  EVIdeNCe Of TENSIONS ..ceouviiiiiiiiiie ettt ettt sttt et e s bte e st e et esareesbeeesareeeas 255
3.5.6.3.2  Evidence Of CauSality ......ccccueeiiiiiie et 256
3.5.6.3.2.1 Evidence of TIMe DIaYS .....ccoccuiiiiiiiiee ettt ettt e et 257
3.5.6.3.2.2 Evidence of FEEdDack LOOPS......cccocuiiieeiiiiieeciiee e et et ettt vae e e e 260
3.5.6.4 COGNITIVE RIGOROUSLY INTERPRETED QUOTATIONS FOR SYSTEM DYNAMICS SATURATION ....... 273
3.5.7 STAKEHOLDER DIALOGUE SUITABILITY .eceetereeesesesssssesssssssssesssesesesesesesesssssssesssesssssesssesesens 283
3.6 PHASE 4 — POLICY ANALYSIS & THEORETICAL FINDINGS .....cccuceetieuunssiennnsssiennnssssnnnes 284
3.6.1  POLICY ANALYSIS ceeeeeteeeteessssssssssssssesesssssessessssesettteeeteteteteeetemetetemettetmttemmmemmmtmemmmmmmmen 284
3.6.1.1  NO TASK-SHIFTING SCENARIO ..cuvveurerurirreereenseesteesieeeseeseesseesmeesanesaseeseesseessessmeesnseenseens 285
3.6.1.2  SUCCESSFUL PRIMARY CARE TRANSFORMATION SCENARIO ...uveeveeruierurenreereenreenmeesneeseeeeeens 291
3.6.1.3  POLICIES IMPLEMENTED IN THE BASE-CASE .....eeiutiiitiriiinieenieenieenieesnesreereesreesmeesmeesneeneeens 298
3.6.1.4 ALTERNATIVE PREFERENCES IN THE BASE-CASE POLICY ...ecuveeiieiieniienienreereesiee st 299
3.6.1.5 POLICIES IMPLEMENTED WITH ALTERNATIVE PREFERENCES .....eevveerieerurerriereereenmeesneeseeeeeens 305
3.6.1.5.1  CONSTANTS cuuviiiiiiiiiiiiiicrc e 305
3.6.1.5.2  Table FUNCLIONS .....eiiiieiieeee ettt e e e 308
3.6.2  THEORETICAL FINDINGS ..cceetetetrtetrerenieietneeesesesteeeteteteeeeeeeseeeeeteteteeeseseseeesesemesesemesesmsesnns 313
3.6.2.1  THE THEORETICAL IMIODEL ...cuttitieuiieteeteeteestte st et eteesbeesbeesatesatesbe e bt e bt e saeesneeenseenseens 314
3.6.2.2  PRIMARY CARE TENETS ..eeeuteeteesutenutesteeteesteesueesutesueeeseenseesseesueesasesaseeseesseesaeesnsessesnsaens 320
3.6.2.3  PRIMARY CARE TENSIONS .. .eeuttetierutesuteeteeteesueesutesuteeeeesseesseesueesueesseeseesseesmeesneesnseenseens 322
3.6.2.4  PRIMARY CARE TRANSFORMATION .....ceutteuteeteenueesutesueeeeeeseesseesueesasesusesseenseesueesnsesnsessseens 324



3.6.2.5 PRIMARY CARE TRANSFORMATION TENSIONS ..ceeeeieeirunrerereeeessinnrrereeeeesesaannreeeeeessssanseneeees 328

CHAPTER 4: DISCUSSION & CONCLUSION.....ccccetuieniennionsrancrascrasssnssosssosssasssnsssnsssnssasssanens 329
4.1. INTRODUCTION ....ccccciuiieansennionsiansrancenssonssossrassraserassssssssssasssnsssnssanssasssasssasssasssnssanss 330
4.2, MY CONTRIBUTIONS...ccieutteesiensransrassrassonsiansrassrassrnsssssseessonsrasssassanssosssasssasssnsssnsssnss 330
4.2.1. CONTRIBUTIONS TO THEORY OF PRIMARY CARE TRANSFORMATION .....ceevuereneeenereneessenssneens 335
4.2.1.1.  PRIMARY CARE TENETS, TENSIONS AND TRANSFORMATION ....cuvrvevererirrerernesesesessseseseessenes 336
4.2.1.2.  PRIMARY CARE TRANSFORMATION TENSIONS ..v.veuvuveveresieesesesessesesesessesesansssesesessssesesensssenes 343
4.2.1.3.  MENTAL MODELS IN PRIMARY CARE TRANSFORMATION.......veveueeerereresesesasesesesessssesesensssenes 349
4.2.1.4. TIMELINE OF EXPECTATIONS — THE OVERALL DELAY ...vviviuiereriniieiereeieteeee s s sesesnenas 354
4.2.1.5.  ADAPTIVE RESERVE...ucueteverireiesetesessesesesessesesessssesesessssesesasessesesessssesesansssesesessssesesesssess 355
4.2.1.6.  POLICY INSIGHTS ...eveveviieretesitesetesessesesessssesesessesesesessssesesessssesesessasesesassesesesessasesesnssssesas 361
4.2.2. CONTRIBUTIONS TO SYSTEM DYNAMICS — GENERALLY .....ververnereneesnesseesnessnessesssnsssessessness 364
4.2.2.1. INFORMATION TYPES ...uovivetiriieretesessesesessssesesessssesesessssesesessssesesessasesessssssesesessasesessnsssess 364
4.2.2.2. VALIDITY SUBTYPES ...vcueuveveririietetesessesesessssesesessesesesessssesesassssesessssssesessnsesesessssasesessssssess 367
4.2.2.3.  NEW METHODS FOR WORKING WITH MENTAL DATABASES.......cevevereererereesresesesssesesnnsnenes 367
4.2.2.4.  COGNITIVE LIMITATIONS. ....eututteteteseeeseseseeesesenessssesesensesesanessssesenessssesansssesesensssesesensssases 373
4.2.3. CONTRIBUTIONS TO SYSTEM DYNAMICS THEORY — PARADIGM ISSUES ......cceeververereesseenaneens 376
4.2.3.1.  PARADIGM INCOMMENSURABILITY ....c.veveviriaresesesesesesesessesesasessesesessssesesasessesesessssesesansssesns 377
4.2.3.2.  PARADIGM-CROSSING IN SYSTEM DYNAMICS ....cvcuvrverererieereresesseseseessesesasssesesessssesesassssenas 380
4.2.3.3.  SYSTEM DYNAMICS AS AN INTEGRATIVE METHODOLOGY ....vveuereevereseseresesessesesessssesesasessenas 389
4.2.3.4. PRIMARY CARE TRANSORMATION AS A CASE OF PARADIGM INTERPLAY .....cvvvrveverinirrerernnenenas 400
4.2.4. CONTRIBUTION TO IMIXED IVIETHODS ...cccveeeueesssesseesssessssesssessssesssessssessssesssessseessssssnnans 401
4.2.4.1.  USE OF THE SCOPING STUDY ...cuvveveueiereresessssesesessesesessssesesasessesesessssssesassssesessssssesesssssess 402
4.2.4.2. ACCESSIBLE MENTAL MODELS METHODS .. c.vveveuieeteresieesesenessesesenessesesanessesesessssesesensssesas 402
4.2.4.3. EMOTIONAL ENGAGEMENT ...cututtetesieeteresttesesesessesesesessssesasessesesesensssesansssesesessssesesenssseses 403
4.2.4.4. INTERPLAY FOR MIXED METHODS — A CASE & THEORY ...cveveviuieeiereniesieranessesesesesseseseessenas 408
4.2.5. CONTRIBUTIONS TO SOCIAL SCIENCE ....ceesuereseessnessssesssessssessssssssassssassnssssssssnessssssssassnsass 412
4.2.5.1.  ON GENUINE INSTITUTIONAL FACTORS ...veututeverenirieteresineesesaessesesesessesesanessesesessssesesenssseses 412
4.2.5.2.  MULTIPLE-PARADIGM EMPIRICAL VALIDITY ...vvveuteeteresieesesanessesesesessesesansssesesessssesesensssesas 416
4.3, LIMITATIONS ..euuieueiueiuseansensionsiassenssenssonssossssssrsserassssssssssssssssssssssnssasssasssasssnsssnsssnss 417
4.4, FUTURE RESEARCH .....cccceiieaiieniianiiancianconsionsrassrsserassssssenssonssasssnsssnssonssssssassrnsssnssanss 421
4.5, CONCLUSION ....cieueiueiuniransensionsiansrassenssonssossrsssrssersssssssssssssssssssnsssnssosssasssasssnsssnsssnss 424




REFERENCES.....cc00uiitttuuaiiirnnneiiirnnneiieennsaiieennssiiienesniieensseiieenessiiesnsssiseensssiseensssssesnssssseenans 430

APPENDIX A: PUBLICATIONS & PRESENTATIONS RELEVANT TO THIS DISSERTATION.......... 456
APPENDIX B: ETHICAL APPROVALS ....icieitutetiereteesacensesessasassosassssassssasessssassesssssssssssasassssnsse 460
B.1 LONDON SCHOOL OF HYGIENE & TROPICAL MEDICINE — ETHICAL APPROVAL........... 461
B.2 TPCI—SURVEYS, INTERVIEWS & OBSERVATIONS DATA.....cccceeerunnsieencrensssrnnssancssnns 462
B.3 TPCIl — OPERATIONS DATA....ccccituiieuesinnsranssronssronssrsnssssnssssnssssassssonsssanssssnsssanssssnne 462
B.4 TPCIll — OUTCOMES ANALYSIS.....cccieuiiiuniiiunnsrennsrennsrensssenssssnssssanssssassssnssssnsssanssssnns 462
APPENDIX C: SCOPING STUDY....uiuuiuieieeieieresseeressassessassesssssssssssssssssssssssasssssssssssssssssassnsse 463
C.1 INTRODUCTION ....ccccceiuusreensrennsrenssrenssssnssssnsssssnssssnssssnssssnssssnssssnssssssssssnssssnssssnssssnns 464
C.2 INITIAL PROBLEM DEFINITION.....ccceteuutttuuisruensrennsrenssrsnsssenssssnssssanssssnssssnssssasssanssssnns 467
C.3 METHODS OF THE SCOPING STUDY ....cccccutieueruneruncrancransensrasssassenssenssosssasssasesasesnssanss 467
C.3.1 STEP 1 QUALITATIVE ANALYSES .cetuerereeerereecrerencrasenceosescsssescsssescsssssssssssssssassassassassassnnse 467
C.3.2 STEP 2 MIXED METHODS CASE STUDIES ...cceutecerrerereracrsrecessacassosassssacsssasassacassosassssnsnssans 469
C.3.3 STEP 3 FURTHER QUANTITATIVE & QUALITATIVE ANALYSES «.euveeerrerenreracreresessacassesassnsseserans 470
C.3.3.1 RELEVANT ANALYSES FROM THE MIXED METHODS PROJECT ceuvivvuiiiniiiiciiiceineiieeeieeinesnnnes 470
C.3.3.2 METHODS FOR SELECTING A COMPLEX SYSTEMS METHODOLOGY ...cvuvivuniirnnierniiiiniernneernnernnnes 471
C.3.4 CROSS CUTTING STEP: STAKEHOLDER DIALOGUE ...cucvuciereecrereecrereeceereeseerenssesesssesssssesensnens 473
C.4 RESULTS OF THE SCOPING STUDY...c.ccceetuuteuenerennsreasarenssseassrsnssssassssssssssnssssassssnssssnns 474
C.4.1 STEP 1 OUTPUT: EMERGENT THEMES, PROBLEM IDENTIFICATION ...ceeueeeeenerencenncenncencsencennens 474
C.4.2 STEP 2 OUTPUT: PROBLEM DEFINITION c.uvutuerereecrerenceereeesesenssesesssssesssssssssssasssssssssssassnnns 476
C.4.3 STEP 3 OUTPUT: SELECTING A COMPLEX SYSTEMS IMIETHODOLOGY ....cureureereneeereneaerensennennnnns 478
C.4.3.1 RELEVANT RESULTS FROM THE MIXED IMEETHODS PROJECT ...cevvvvrniieeeeeieeeiiieeeeeeeeeevaneseeeees 478
C.4.3.2 RESULTS INFORMING SELECTION OF A COMPLEX SYSTEMS METHODOLOGY ..euuuvnrieiiirirnnnseeenens 480
C.4.4 CROSS-CUTTING STEP OUTPUTS: VALIDATION ...ceuctureuerereecrecenceesenceesesssssenssssessassassassassnnes 483

DESIGN .....ccceereuuunniiiiiieiinnnnsseiiiieeinnensssssisiieeiensnsssssiereeeressnsssssssiseeeemnnssssssissseeersnansssssssnees 485
C.6 CONCEPTUAL FRAMEWORK.......cc0uuueiiiieeinnnnnnnnisiieeinnnnnssnsisiieeinennsssnsisieeennnnnsssssnniens 487

13



C.7 CONCLUSION....ccuuuuuueineerennnnnsnnneisnenessnnsssssisseeessssssssnsssseeessssssssssssseeessssssssssssseeeannnns 489

APPENDIX D: VALIDATION PURPOSE AND TYPES IN SYSTEM DYNAMICS .......ccccuueeiennnnnnnene 491
D.1 THE PURPOSE OF VALIDATION IN SYSTEM DYNAMICS......ccccueetiemenniinennnnsseenannieennens 491
D.2 VALIDITY TYPES CONSIDERED IN SYSTEM DYNAMICS MODELING.......cccceeeneeennennennss 493
D.2.1 CONCEPTUAL VALIDITY euuteuirancrancrsscsnssassrsssrassrssssssssessasssasssasssassssssasssasssasssasssnsssnsssnss 493
D.2.1.1 NEWLY-PROPOSED SUBTYPES FOR CONCEPTUAL VALIDITY IN THIS DISSERTATION .......ccceevernnnnn. 495
D.2.2 FORMULATIONAL VALIDITY tuutuuirancesscenstassrsssrassrssssssssessasssassrasssassssssssssasssasssnsssnsssnsssnss 497

TO THE MODEL IN THIS DISSERTATION «.eeiieieieieieeeeeeeeeeeeeee ettt ettt ettt e e e e e e et e e e e e e e e e e e e st e e e e e e e e e e e e eaeeees 497
D.2.3  EXPERIMENTAL VALIDITY uuveurteureenrensrensresersserassrassssssssssssssssssnssenssssssesssssssasssasssssssnssnnns 498
D.2.3.1  SUBTYPES FOR EXPERIMENTAL VALIDITY oeeeeieeeieeiieieeeieeeeeeeeeeee ettt eeeeeeeeeeeeeeeeeeeeeeeseeeseeeseeeeens 498
D.2.4  DATA VALIDITY cuteurieuienireecrnereneesssensrssersseraserssessssssssssssssssnssenssesssesssesssnsesasesssessssanns 498
D.2.4.1 NEWLY-PROPOSED SUBTYPES FOR DATA VALIDITY IN THIS DISSERTATION ..ecevvvveeieieieeeeeieeeeneenns 499
APPENDIX E: NEWLY-DEVELOPED VALIDATION METHODS.......cccceteteterereresesesesasesesasanananans 501
E.1 SHARED MENTAL MODEL SATURATION ....cccceuteutansantansansansansansansassassassassassassassassansas 501
E.1.1 COMPARISON OF SHARED MENTAL MODEL AND PROBLEM STATEMENT ...cuvurererererererececncncnnne 502
E.1.2 CREATION OF SHARED MENTAL MODEL SATURATION CURVES & DIAGRAMS.....ceeuererernrrennnenns 502
E.1.2.1 CLINIC CAUSAL LOOP DIAGRAM PAIR-WISE COMPARISONS ...ceevvieeiiiiiiiiiieieieeeeeeeeeeeeeeeeeeeeeeeens 503
E.1.2.2 CLINIC CAUSAL LOoOP DIAGRAMS TO SHARED MENTAL MODEL COMPARISONS .....cceevvveeeeeenennn. 505
E.1.2.3 THE SHARED MENTAL MODEL SATURATION TEST coieieiiiiiiiiiiieeeeeeeeeeeeeeeeee ettt 510
E.2 CONCEPTUAL MODEL SATURATION......cccutieueiunsinncianseonsensiansrassssssenssonssosssasssnsssnssanss 511
E.2.1 INTERVIEW CODING FOR CONCEPTUAL IMIODEL SATURATION ...ceuveuerennrennrencrencraserasesssesnssanns 512
E.2.2 CREATION OF CONCEPTUAL IMODEL SATURATION DIAGRAMS ...euvvurrennrennrencrencraserasersnssnnsenns 515
E.2.3 CREATION OF CONCEPTUAL IMODEL SATURATION CURVES ...cccvvurrnerennrennrennrensrencrnsesnnesnnsnnns 519
E.2.4 CREATION OF “RIGOROUSLY-INTERPRETED QUOTATIONS — FOR CAUSALITY” ..euirerererernnennnennns 522
E.2.5 THE CONCEPTUAL MODEL SATURATION TEST.euetuueruuerenreeraesraesrnesenssenssensrenssnsernsesnsesnnsanns 525
E.3 SIMULATION MODEL SATURATION .....ccccueteueerennsreasereascseascsensssassssassesanssssnsssanssssnns 526
E.3.1 STRUCTURE .euttuureenreenreenreesrnsseessesssesssesersssssssssssssssssssssssssssnssenssenssasssasssnsssasssnsssnnsnnns 527
E.3.2  BEHAVIOR ..tuurtuureenreenreereestnsseesresssessrsssrssssassssssssssssssnsssssssnssensssnssasssasssnsssasssssssnnsnnns 528
E.3.3  CULTURE teueteurtunrennrensresransenssesssesssssssssesssesssessssssssssssssssssssssssnssssssesssssssssssnsesssesnssnnns 529
E.3.4 THE SIMULATION MODEL SATURATION TEST teuetuueruneennrenrencressenssenssenssessssssssserssessssssssnnns 530



SATURATION 1vveuerenserenseressssssssssssserssssssssssesssssssssssssesssssssssssesssssssssssssessnssssssssenssssssssssssesanssses 536
E.4.3 CREATION OF “RIGOROUSLY-INTERPRETED QUOTATIONS — FOR COGNITION” ..c.cveuererrrnnrennennns 539
E.4.4 THE SYSTEM DYNAMICS SATURATION TEST vevuuerenserenserensssessssrensersnsessasssesssssssssssnsesanssssnns 542
E.5 DATA SUITABILITY ...cccuuuueeeeeieeeeeennnnneeeseeeeennnssssesesseeesnnnssssssssssesssansssssssssssssnnnssssssssans 543
E.6 METHODS SUITABILITY ....ccceeetteeuunnnneeereeeeennnnnncaeseeessnnnssssssssseesssnnsssssssssessnnnnnsssssssans 544
E.7 STAKEHOLDER DIALOGUE SUITABILITY ...ccccuuuueeceeeeeeeennnnsnneceeeeeennnnssnssaaseeeesnnnnsssssssans 545

APPENDIX F: DETAILED RESULTS OF CONCEPTUAL MODEL SATURATION & SIMULATION

MODEL DOCUMENTATION .....ciiieuuueiiinneniiiinnnniiionssssiienssessionsssssisnsssssesnssssessnssssessnssssssennes 546

F.1 RIGOROUSLY-INTERPRETED QUOTATIONS FOR CONCEPTUAL MODEL SATURATION . 547

F.1.1 SELECTION OF INTERVIEWS FOR RIGOROUS ANALYSIS OF CAUSAL STATEMENTS c.veeeerecenrececrerees 547
F.1.2 MEDICAL ASSISTANT CONCEPTUAL MODEL — SATURATION RESULTS.c.ceureerencenrencenrencencencencens 549
F.1.3 CLINICIAN CONCEPTUAL IMODEL — SATURATION RESULTS...cuteueeerenceerencencencencencensencansencnnsens 557
F.1.4 MANAGER CONCEPTUAL IMIODEL — SATURATION RESULTS.c.ceeterererereieirerereresesesesesesesssncncnnne 570
F.1.4.1 MANAGERS: NURSE IMIANAGER .....cevuuuueiiiiiiiieiittieseeeeertsssieeseseseeesstnsssesesssssnnsesesssesssnns 570
F.1.4.2 MANAGERS: CENTER IMANAGER ....covvuuuieiiiiiieiitieeseeeeesesasisesesesesesasansseesesesssansesessresssnns 575
F.2 MODEL IMPROVEMENTS RESULTING FROM CONCEPTUAL MODEL SATURATION...... 585
F.3 IMODEL CONSTANTS....cccciteetereunsiennarensssransssnsssrsnsssenssssnssssnssssnssssnssssssssssnssssnssssnssssnns 592
F.3.1 POLICIES & ENVIRONMENTAL CONDITIONS..ccuteueeereeerereeerereecsesssssssssensssssssssssssssssnsssnsansans 594
F.4 SIMULATION MODEL EQUATIONS .....cccccuuiiiuenerennireanareasasensesenssssassssesssssnsassasssanssssnns 599
APPENDIX G: BEHAVIOR & POLICY SENSITIVTY ANALYSIS SUMMARY.....ccceiuieuieerenneerennaene 613
G.1 ALTERNATIVE PREFERENCES .......cccccettuiieuiiencruneruncranseancenssasssassenssenssenssasssnsssnsssnssanns 613
G.2 SENSITIVITY RESULTS OF EQUILIBRIUM & TASK-SHIFTING MODELS.......c.cccceveuerannnen 623

15



TABLE OF FIGURES

Figure 1.1

Map of the 10 University of Utah Community Clinics, Greater Salt Lake City Metropolitan

20T ={ToT o JRL U - o JL U T PSSP 37
Figure 1.2 Overview Of this DiSSertation .........ccieiieiiiiiiieiiiieeete ettt 48
Figure 2.1  Model Progression SEQUENCE ......cccviieeeiieieiiieeeesiteeeetteeesteeeesataeesesreeessasaeeeensreeesssseessnsenns 53
Figure 2.2 System Dynamics MOGEIING.......cueiiuiiiiieiiiiiiieeie ettt st s 56
Figure 2.3 A Causal LOOP DIGBram ....c.eeicueiiiieeiiiieiiieeite ettt st et e sit et sb e st e sbeesabeesbeesabeesabeeeanee s 61
Figure 2.4 Hypothetical Stock and Flow Diagram for MA Workforce .........cocceeeeevvveivcieeecciee e, 63
Figure 2.5 Hypothetical Policy Structure Diagram for MA-only Tasks.........cccceeeeeiieircieeeciiee e 64
Figure 2.6  Validation is Embedded Throughout the SDM Research Process ........c.ccceeeveerieenieeeriieenneenn 66
Figure 2.7  CLD Combination — Addition ........coceiiiieiiiiinieee ettt 75
Figure 2.8  CLD Combination — SEIECLION .....cceiiiii ettt e e eaae e e e tre e e e nte e e e earaeas 76
Figure 2.9 CLD Combination — Merging Variables Providing Detail Complexity .......cccccerveerieeriieenneen. 76
Figure 2.10 The Purposive Text Analysis example of arguments 1 t0 4 ......cocceeevieirieenieenieeniee e 97
Figure 3.1 Model Progression SEqUENCE & SUMMAIY .......ccciiuvieeeiiiieeeiieeeeireeeestreeeseareeesstreeesssseeesnnns 110
Figure 3.2 Detail COMPIEXITY wioiiiiieeeiiiieceieee sttt et e e stre e e et e e e tae e e s etbeeeeeabaeeeesstaeesasbaeeesnsaeeannnes 111
Figure 3.3 SMM2 (After SMM-S Test was Applied t0 SMM1) ....ccccceriiiniiniiiieieeieeeeseeeee e 115
Figure 3.4 SMM3 — The Conceptual Model (After CM-S Test was Applied to SMM2) .........ccccccvveeennne 117
Figure 3.5 Insufficient TIMe in the ViSit........coiiiiiiiiiie et et e e s e e e rae e e 118
Figure 3.6 Insufficient time in the Day & Insufficient RESOUICES .......ccccuveeviieeieiiiee e e 119
Figure 3.7  The INCENTIVE STIUCTUIE c...evei ittt ettt e e st e e et e e e s ate e e enaeeeesneeeeeennes 119
Figure 3.8  TruStiNg the IMA ...t e e e e e st e e e e e e e e s ranbataeeeeeesnansaaneeaeas 120
FIBUrE 3.9 TEAM LEAININEG cooiiiieiieeteeeiieietee ettt e ettt e e s s et et e e s s e saabae e e e e e sessanbanaeeeesesnsnsnnneaeess 120
Figure 3.10  Sharing the LOAd .......ueiieciiiiciiee ettt e e e e e st e e e st e e e s ateaesnaeeeesnseeeennnes 121
FIGUFE 3.11  SUFFICIENT TIMIE.eiiiiiiiiee ettt e e et e e e et e e e s etbe e e e e baeseeataeeessbaaesensaeaeennes 122
FIgUre 3.12  SUFFICIENT RESOUICES ...cccuviiiieiieee ettt eeite et e ettt e e et e e e baa e e s eabeeeeeabaeseestaeesnsbaaeeensaeeannnes 124
Figure 3.13 Reference Mode & Problem Statement .........cooouvivieiciii i 127
Figure 3.14 PCT Model Sector Map — SIMPIe......cocciiii ittt e s ree e e s e e 134
Figure 3.15 PCT Model Sector Map —more detailed .........cccoeeiieiiiiiiiei e 135
Figure 3.16  PCT Model Sector Map — where policies and preferences intervene ..........cccccceeecveeennee 136
Figure 3.17  Sector Map - Personnel SECLOT ........uiiiiiiii et ese ettt e e e eaee e s s e e e eanes 139
Figure 3.18 Detailed Sector Map — MA Satisfaction..........c.eeeieiiieiiiiii e 140
Figure 3.19  Policy Structure Impacting the Number of MA ... 142
Figure 3.20 Effect of MA Capabilities on MA Satisfaction .........ccccccviiieciie i 143
Figure 3.21 Effect of MA Capacity on MA Satisfaction .........ccccoieiiiiiiiiii i 144
Figure 3.22  Effect of MA Satisfaction Ratio on MA Willingness to stay in JOb ........cccccvvieeiiiiiiinnnnen... 145
Figure 3.23  Effect of MA workload Ratio (MA-only Tasks) on MD’s Desired MA Staffing Level .......... 146
Figure 3.24  Sector Map — Work Generation SECLON .......ccuveeiciiieeeciiee et e et e e e e e e eae e enes 148

16



Figure 3.25
Figure 3.26
Figure 3.27
Figure 3.28
Figure 3.29
Figure 3.30
Figure 3.31
Figure 3.32
Figure 3.33
Figure 3.34
Figure 3.35
Figure 3.36
Figure 3.37
Figure 3.38
Figure 3.39
Figure 3.40
Figure 3.41
Figure 3.42
Figure 3.43
Figure 3.44
Figure 3.45
Figure 3.46
Figure 3.47
Figure 3.48
Figure 3.49
Figure 3.50
Figure 3.51
Figure 3.52
Figure 3.53
Figure 3.54
Figure 3.55
Figure 3.56
Figure 3.57
Figure 3.58
Figure 3.59
Figure 3.60
Figure 3.61
Figure 3.62
Figure 3.63
Figure 3.64

Effect of MA Backlog on inflow of nonTech Tasks........cccceeciiiiiciee e 150
Effect of proportion of Tech tasks on inflow of Tech tasks ........ccccccevvieriiniiinieiiiienneen. 151
Structure for Modifying Technical Tasks .......ccccooieeiieiiieiiieie e 152
SECLOr Map — TaSKS SECLOT ... .uiiiiiiieeecieie ettt e e et e e re e e et re e e et e e e ssreeeentaeeeennneas 154
Detailed Sector Map — TasKS SECLOT ....cccuiiieeiieieccieee et ee e e e e e e e e enae e e e areeeens 155
Policy Structure Impacting Backlog of MA Only Tasks ........ccccoceeeieeriienieeniieniee e 157
Effect of Workload Ratio for MA-Only Tasks on Productivity .........ccocceeeveeriienieciieennneen. 158
Policy Structure Impacting the Level of MD Technical Tasks ........cccceeveeeeiciveeeccieee e, 159
Effect of Time to Complete Backlog Tech Tasks on Shedding .........ccccceeveeriieniecinieenneen. 160
Policy Structure Impacting the Level of MD Non-technical Tasks ........ccccccevvierieernieennenn. 161
Policy Structure Impacting the Level of MA-advanced TaskS........cccceeveeeeiciieecccieee e, 163
Policy Structure Impacting Backlog of Training Tasks (MD) ......cccoceeeeviieeeicieecciieee e, 165
Effect of workload ratio for MD Training Tasks on productivity ........c.ccecceervieniecniieennneen. 166
Sector Map — MA Capabilities SECLON .....cccciiiiiiiee et et 169
Detailed Sector Map — Capabilities .......ccueeeeiiiiii it e e 170
Policy Structure Impacting MA Capabilities ......ccocveeveeriiiniieiiieeee e 171
MA Capabilities Learning Curve (effect of MA capab ratio on change in MA capab) ....... 172
Sector Map — ACCOUNTING SECTOT ..ciiiiiiiiiiii e 174
Detailed Sector Map — ACCOUNLING SECLON .....uuiiiiiiiiiciiiiiee e e e e arree e 175
Policy Structure Impacting the Accounting SeCtOr.......c.cvevveiriiiiniieiieee e 176
Sector Map — Task-Shifting ........cccuiiiiiiieiciee e ettt e e 181
SECtOr Map — IMID Salary ..ot e e e et e e e e e et b e e e e e e e e nnnnes 182
Detailed Sector Map — Patient Satisfaction .......c.ceeeveeriiiniieniieeec e 183
Policy Structure of the MD’s Willingness to Task Shift.........cccccoeeieiriiiieiencee e, 185
Effect of MA Capability on MD WilliNgNeSsS........ccoiuieieiiiiieeciee e 187
Effect of MD monthly salary on MD's WilliNgNeSS .......ccoviiriiiiriiiiniieriieeee e 188
Effect of time to complete backlog of Tech tasks on Patient Satisfaction ...........c............ 189
Effect of perceived patient satisfaction on MD Willingness.........ccccceeeeecciiiieeeieecccinineennn. 190
Effect of willingness ratio on further changes to willingness ........cccccoeeeciviieeeicecccinineennn. 191
Applying Groesser & Schwaninger’s Framework to this Dissertation Research ............... 196
SIMIMI=S CUTVES ittt s st sba e e s sra e e s s nba e e sanne s 204
SMM-S Diagram — Clinic ME@NTIONS .......uiiiiiiii ittt e et e e e e e e e aaeaes 206
SMM-S Diagram — Explicit Clinic MeNTioNS.......c.eeeveiiiieieiee e 207
CIM=S CUIVES ittt sar e s aane s 209
CM-S Diagram — Respondents Identifying .......ccccuviieiiiiiciiiieee e 211
CM-S Diagram — Shared Understanding Diagram...........cccouveeieeeicciiiiieeeeeeecciiieeee e e e 212
Simulation Model Reproducing the Reference Mode.........cccccuveeeecieeiecieeeccieee e, 216
Extreme Conditions Test: Policy of Low Kickstart Amount...........cccceeiieeiiiiieeeececcciieeeene. 217
Extreme Conditions Test: High Policy of Low Kickstart Amount ..........cccccovvveeeieeiicinineenn.. 218
Behavior Prediction EXamMPIe........cocuiie ettt erre et e et e e e e e nree e 219



Figure 3.65  SUIPIISE BENAVION .....viiieiiiic ettt e e et e e st e e e st a e e e enntaeesnsaeeesnsaeeennnes 220

Figure 3.66  Extreme Conditions — Initial MD to MA Ratio — Actual Adherence........ccocceeveerniieniennnn. 221
Figure 3.67 Extreme Conditions — Initial MD to MA Ratio — Productivity .......cc.ccceeverniiiniennieennieenne. 222
Figure 3.68 Simulation Model Saturation for CLO3-20..........ccueeeeiiiiieiiiieeeccieeeecre e e e esreeeeseree e 228
Figure 3.69  Simulation Model Saturation for MAO3-07 ........c..ceeeiiiiieieiiie et e e eeree e e e e sreeeeees 230

Figure 3.70  Simulation Model Saturation for MA03-9, CL03-19, 22 through 24, CM01-57, 60 & 62 ..234
Figure 3.70  Simulation Model Saturation for MA03-9, CL03-19, 22 through 24, CM01-57, 60 & 62

[(ToY 0 414 T =T ) IS 235
Figure 3.71  Simulation Model Saturation for MA03-04, NMOL1-36.......cccceerierniienieeniieneeeiee e 238
Figure 3.71  Simulation Model Saturation for MA03-04, NMO01-36 (continued) .......ccccceevveerveennennnnn. 239
Figure 3.71 Simulation Model Saturation for MA03-04, NM01-36 (continued) ........cccceeevveeeeecrreeennns 240
Figure 3.72 Simulation Model Saturation for MA03-9,23 NM01-33 and CL03-22&24 ..........ccccuveeuneee 243
Figure 3.73  Simulation Model Saturation for CMOL1-37 ......ccccoviiriiiiiieiiiienieeie e 246
Figure 3.74  Participant Information Accumulation Graphs.......cccccveeeeiieeiiiiie e e e e 254

Figure 3.75 Equilibrium Run Showing Adherence, Tasks, MA Capabilities, Perceived MA Satisfaction,
IMIA PEISONNE] ..ttt ettt e e e et e e e e e et ar e e e e e e e sesabasaeeeeeeeenansaeseeeeeeaannrraneaeeeanes 286

Figure 3.75 Equilibrium Run Showing Adherence, Tasks, MA Capabilities, Perceived MA Satisfaction,

MA Personnel (CONTINUEA) ......ueiiiiiieeeiiie et et erte e rtee e e st e e e e etta e e e ebaeeestbeeeessaeesessaeeesssseaennnns 286
Figure 3.76  Equilibrium Run Showing Clinician Willingness .........cccvvivieeiieiiiiiieiee e 288
Figure 3.76  Equilibrium Run Showing Clinician Willingness (continued) .........cccceevvienieneeneeniennenne 289
Figure 3.77  Equilibrium Run Showing Financial Variables..........cccccuuiviiiiieiiiiiiiiee e, 290

Figure 3.78 Task-shifting Run Showing Adherence, Tasks, MA Capabilities, Perceived MA Satisfaction,
Y AN =T Yo Y 1= USSR 293

Figure 3.78 Task-shifting Run Showing Adherence, Tasks, MA Capabilities, Perceived MA Satisfaction,

MA Personnel (CONTINUEA) ......ueiiiiiieeeiiie e ecieee ettt erte e eetee e e et e e e e ette e e eebaeeeetbeeeesraeeeeasaaaesnsseaennnns 294
Figure 3.79  Task-shifting Run Showing Clinician Willingness ..........ccoecveriiiinienniienieenieeeeeeeseeee 295
Figure 3.79  Task-shifting Run Showing Clinician Willingness (continued) .........cccecvveeervenerneeniennene 296
Figure 3.80 Task-shifting Run Showing Financial Variables..........ccccueviiiiioiiiiiiiiee e, 297
Figure 3.81 Base-case Runs with Normal & Worst-case PoliCies .......cccccceeeciiiiieeiieiiiiieeee e, 298
Figure 3.82 Changing the Policy Kickstart Impacts the Base-case RUN .........cccceecvveeiecieeeccieee e 299
Figure 3.83 Impact of Preferences which are Constants on Base-case Policies.........cccccceeeeeeiccnrnnnnenn.. 303
Figure 3.83 Impact of Preferences which are Constants on Base-case Policies (continued) ............... 304

Figure 3.84 Impact of Clinic’s Incentive Policy on Alternative Preferences for “Desired MD monthly

salary” 307

Figure 3.85 Key for Theoretical MOEl .........ooeiiiiieiii et 316
Figure 3.86  PCT Theoretical MOEl ..........ooiiieeee et e e et e e e e e e earaaeee s 317
Figure 3.86  PCT Theoretical Model (continued - zoom for top half).......cccocceeeeiciiiec e, 318
Figure 3.86  PCT Theoretical Model (continued - zoom for bottom half) ...........cccooeeiiiiiiiiiice 319
Figure 3.87 The Core of Primary Care — Service Operations and the Tenets .........ccocccvvveeeeeeeeccrrnnnenn.. 320
Figure 3.88 Feedbacks in the Core of Primary Care — Service Operations and the Tenets................... 323


file:///C:/Users/Sam/Documents/The%20Accumulation%20v25%20NO%20comments%20or%20appH.docx%23_Toc506129600

Figure 3.89  Task-Shifting & Task Backlogs in Primary Care Transformation ..........ccceccveeiiiieeeniieeennnns 325

Figure 3.90 One Successful Trajectory of Primary Care Transformation ........cc.cccoeeeeviiinennieennieennne. 327
Figure 4.1 Task Shifting & Task Backlogs With Qualitative CONCEPtS........eevverrvierieiniienieenieerieeee, 342
Figure 4.2  Fostering a Well-functioning System versus Getting Through the Day..........c.cccceeevvveeennee 344

Figure 4.3 Three Scenarios: Actual Adherence to Clinical Guidelines, Individual and Team Adaptive

RESEIVE ..ttt e et e et e et et et et et et e e e e e e et e s e s e e e s e e e reeeee 360
Figure 4.4 The Four Quadrants of Knowledge Framework..........cccccoeveeriiiinieiniienieenieeseeeeeseee e 378
Figure 4.5 Transition Zones and More Basic 4 Quadrants of Knowledge Framework ...........ccccoveneee. 380

Figure 4.6  Assumptions of System Dynamics Research within Each of the Four Quadrants of
KNOWIBAGE ...ttt ettt ettt e st e et e s b e e e bt e s beeebeesbeeenneeeane 383

Figure 4.7 Assumptions of System Dynamics Models within Each of the Six Transition Zones of the

Four QUAArants Of KNOWIEAGE ............cuuucuiiiiieiniieiiiiieieesee sttt stee st s sae e s b e s sae s sbaessbaesbaesnseeenes 384
Figure 4.8 Best Practices in System Dynamics Modeling as they Cross Paradigms.........c.ccceeveervennnen. 387
Figure 4.9 A Proposed Integrative Methodology for System Dynamics Modeling ...........ccceeeeiieeenes 390
Figure 4.10 Using Interplay in System Dynamics Modeling as a Paradigm Crossing Strategy ............. 392
Figure 4.11 Transition Zones for Mixed Methods ..........ccueeiiiiiiiriiiiiieee e 410
Figure 4.12  Simplistic Views of SDM Practice — Standard Practice & Interplay Strategy .........cccc.c...... 427
Figure C.1 Dominant Perspective of US Health System Transformation — Optimization..................... 487
Figure C.2  Alternative Perspective of US Health System Transformation — Dynamic Tension ............ 488
Figure E.1 Example of Generating the Data for SMM-S Variables CUrves.......cccccccveveeveeeeicieeeessieeeenne 504
Figure E.2 Example of Generating the Variables SMIM-=-S CUIVES.........cccceeviuieeeeiiiieeeecieeeeeteeeeevvee e 505
Figure E.3 Example of Generating SIMIM-=-S DiagramS.........cccccueeeeiiiiieeeiieeeeiieeeeeteeeeecsreeeesareeesensseeeenns 509
Figure E.4  Example Coding for Saturation TESt .......cccuiiiieriiiiiiieie ettt 514
Figure E.5 Example of Generating CIM-S DiagramsS.........ccueeruetiriernieienieeniiieneeesiteesreesneeesneesneeesaeeesnees 518
Figure E.6 Example of Generating the Links CM-S Curves from Participant CLDS...........cccccveeeecrveeeenns 521
Figure E.7 Example Participant Analysis Related to Generation of Accumulation Graph. .................... 535
Figure E.8  Participant 7 @XampPle CLD......cioviiiiiiiiiieeiit ettt ettt ettt ettt sae e saneesae e e saneenes 538
Figure G.1 MA Table Functions Original and ARRErNative ...........occciiiiiei e 614
Figure G.1 MA Table Functions Original and Alternative (continued) .........cccceeciiieeiiiee e 615
Figure G.2  Patient Table Functions Original and AILErNative ........c.cceeeceveeevciieeeciee e 616
Figure G.3 MD Table Functions Original and AIternative ........cccoecciiieiiii e 617
Figure G.3 MD Table Functions Original and Alternative (continued) ..........cccceeeiiiieiiiee e 618
Figure G.3  MD Table Functions Original and Alternative (continued) .........cccceecvieiircieee e 619
Figure G.3 MD Table Functions Original and Alternative (continued) .........cccceeecieiirciee e 620
Figure G.3 MD Table Functions Original and Alternative (continued) .........ccccceeeviieeiiiiee e 621
Figure G.4 Productivity Table Functions - Originals ..........cceeveeiiiiiiiiiiie e 622

19



TABLE OF TABLES

Table 1.1  Primary Care — from Global Aspiration to The Patient-Centered Medical Home................... 34
Table 1.2 Aims & Objectives of this DiSSertation .........ccoceeeeieiiiiniieiiienee e 46
Table 2.1  Methods SUMMArY Table.......cceiiiiiieec et e e st e e e e saea e e e eanaeas 51
Table 2.2 Model SUMMArY TablB. ..ot e ere e et e s et e e e e aaae e e sab e e e esntaeeeennneas 52
Table 2.3 Model Iterations & Validation Methods...........c.cooiiiiiiiiiiiiiii e 52
Table 2.4 Comparison Between Terms in this Thesis and Commonly Used Terms.........c.cccceeevvveeennneen. 57
Table 2.5 Theory Building & The System Dynamics Methodology.......c.cccecvieeeeiiieccciee e, 58
Table 2.6  Model Validation Tests as used in the SDM Standard Method ........c.cccooeeeveiiiieniecinieenneen. 68
Table 2.7  Summary of Validity Types and SUBLYPES........c.coviiiiiiiiiiee e 79
Table 2.8  Validity Types, Subtypes & Their Definitions .........ccceeeciieiciiee e e 80
Table 2.9 Validation Tests Matched to their Objective, Focus and Validity Type .....ccccccevveercieeriieenneen. 81
Table 2.10 Formal Validation Methods Designed for Textual Mental Databases........ccccocveeeevvveeennen. 84
Table 2.11  Validity Types Ascribed to Each Newly-developed Validation Method..............cccccuvvennneee. 87
Table 2.12 Questions that Each Newly-developed Validation Method Addresses, Sorted by Validity
Type 88
Table 2.13  New Formal Validation Methods in Their Context ........cccocevviiiiieeniieiiecee e 90
Table 2.14 Methods Summary, Model Iterations, Validation Methods & Locations in the Thesis........ 92
Table 2.15 Designation of Clinics for Model Development & Validation .......cccccccvvvvevceviiiieencnciec e, 93
Table 2.16  CliniC CharaCteriStiCS......uecuiiiiiiirieiieiiee ettt e s 94
Table 2.17 Validation Methods Implemented..........cccooeiiiiiiei i e 103
Table 3.1  Causes of MA TUrnover in TEAM CLDS ........ooeirierieerierienie sttt be s s e 113
Table 3.2 Variation in Clinic Mental Models’ Match to Shared Mental Model.........ccccccoocveeviveneennnee. 113
Table 3.3  Model Boundary Chart ..........uuiiiiiii et e e e e st r e e e e e e e etaea e e e e e e s nbraaeeeeas 132
Table 3.4 Validation MEthOdS ........ooiiiiiiiiie e e 193
Table 3.5 Description of Factors for Assessing the Validation Cessation Threshold ............ccccccuveenee. 195
Table 3.6  Data Suitability in this RESEAICH ........eiiieiiee e 198
Table 3.7 Methodological trad@offs .........ooiii i 200
Table 3.8  Participant Perceptions of @ TIMe Delay.......ccccceviiiieeeeiiiie e ceee e eee e svee e e e 259
Table 3.9  Participant Perceptions of a Feedback LOOP .....coevuveiriciiii i 263
Table 3.10 Participant Perceptions of Mental Models and of Their Importance.........ccccccceeeeenvvinen... 274
Table 3.11 Participant perceptions of mental models, of their importance and of the emotions tied to
L3 A =T 4o el T [ =SS 278
Table 3.12  Participant perceptions of mental models, of the importance of changing them to change
the system and of the emotions tied to SUCh ChaNge ..........oooiiiiiiiiii s 280

20



Table 3.13  Participant perceptions of mental models, of their importance, of the importance of
changing them to change the system and of the emotions tied to these issues.......ccccceeevevernneen. 282
Table 3.14 Impact of Preferences on Base-Case POlICIES ......cueevvriiieiniiiie it 301
Table 3.15 The Association of Behavior Modes with Alternative Preferences ........ccccooeeveeverneneenne. 302
Table 3.16  Impact of Alternative Preferences — CoONStants........cccccveeeeiieeeiiiieeeciee e see e e sree e 306
Table 3.17 Impact of Alternative Preferences — Table FUNCLIONS.......ccccviiiiiieiiriiieciie e 309
Table 4.1  Contributions of This THESIS .....ccccuiiiiiiiiiiii e 331
Table 4.2 How My Model Addresses Key Concepts from Quigley et al. .......ccevcvvevceeeniieniieenieeneeennn, 339
Table 4.3  Preferences & Perception Delays of Changes in MA Capabilities.........cccccevvienieeniieneennnne. 346
Table 4.4  Berwick mental model Shifts ........cooiiiiiiiiiiii e 351
Table 4.5 Insight from my model into adaptiVe rESEIVE .......c.ueeeeciiieieciee et 356
Table 4.6  Information Types — Existing & Newly-proposed ONES ........cccceeecieeeeciiiieeecieeeccieeeeciree e 366
Table 4.7 New Methods which Enhance the Use of Mental Databases in System Dynamics.............. 369
Table 4.8  Paradigm CrosSiNg Strat@gIS .......ccicueieeiiiiieieiieeeciieeeeciteeeerae e e stteeeestaeeeearaeeseaseeeeensbeaennnns 379
Table 4.9  System Dynamics Theory on Causality and Validation ..........cccccocieeeiiiiiceciee e 382
Table 4.10 SDM Interplay Paradigm Crossing Strat@gy .....cocvvvereerreierieiiiie ettt 396
Table 4.11 Newly-developed Visualizations........ccueeeiiiieiiiiiniec e 407
Table 4.12 Mapping My Contributions to Expectations for Developing Valid Integrative Social Theories
415
Table B.1.  University of Utah Institutional Review Board Applications .........cccceeveivevcieeiiieeeesiieeeees 460
Table C.1  Scoping Study for the Purpose of Problem Definition..........ccccoeociieeeiciii e 466
Table C.2 Framework for Selecting a Complex Systems Methodology ..........cceeecvveeeeciiieiciiiee e 472
Table C.3  Commonly Identified TENSIONS .......ccuiiieiiiie i e e sre e e e e e ssaae e e e s raeeeennes 475
Table C.4 A Summary of Relevant Mixed Methods Project Statistical Analyses........cccccevevveeerciennnnns 479
Table C.5 Quantitative & Qualitative Analyses to Inform Selection of Complex Systems Methodology
482
Table C.6  Scoping Study Findings and Implications for the Dissertation Study Design........cccccccveeenee 486
Table E.1 Developing Statistics for the Links CM-S Curves — example table for one Participant......... 520
Table E.2  Sources for the Statistics in the Systems Thinking Table ........ccoooviiiiieiiiiicciiie e, 522
Table E.3  EXample Causal RIQ......cciecuiiieieiiie e ciieeeesiee et s see e et e e s s eae e e snteeeesntaeeeensaeesnseeeesnnseanannes 523
Table E.4 Conceptual Validity and the System Dynamics Saturation Test .......ccccceeveciivieeeeeeecccivineenn.. 532
Table E.5 Example Causal RIQ for FEedback. ...t 538
Table E.6  SD-S Rigorous Analysis of Conceptual Statements with System Dynamics-Related Items... 540
Table E.7 Example Table for Data Suitability.......cccccveeieiiiri i 543
Table E.8 Methodological tradeoffs of the Methodology in Phase 1-3........ccccceeeiieicciiiieee e, 544
Table F.1  Systems Thinking by Participant ...........uueiiiiiiiieee e e e 548
Table F.2  Causal RIQs — MA03 “Capacity =2+ Task-Shifting” ......ccoeevveiieeieeirecerecreereee ettt 551
Table F.3  Causal RIQs — MAO3 Shifting the Burden of “Capacity” .......ccccceecciiiiiieeeeecccireeee e, 552
Table F.4 Causal RIQs — MAO3 Things that Impact “MA Satisfaction”..........ccooeeiiiiicciiieeeeeeeee, 553
Table F.5 Causal RIQs — MAO3 The Influence of “MD/MA Relationship (Trust)” .......ccccccevverrvrrernenne. 555



Table F.6
Table F.7
Table F.8
Table F.9
Table F.10
Table F.11
Table F.12
Table F.13
Table F.14
Table F.15
Table F.16

Table F.17
Table F.18
Table F.19
Table F.20
Table F.21
Table F.22
Table F.23
Table F.24
Table G.1.

Causal RIQs — CLO3 “Capacity =2+ Task-Shifting” ........cccevvveieeiiccrececeeceeceecte et 559

Causal RIQs — CLO3 Things that Impact “Visits with coordinated, comprehensive care” .....561

Causal RIQs — CLO3 “Task-shifting --| | 2+ MA Capabilities” ..........ccceeverveerieiieieeceeie e 563

Causal RIQs — CLO3 on Management Training for PCT.......cccovvveiieiniieeniieenieesieesiee e 568
Causal RIQs — NMO01 on Developing Capabilities .......cocvvvevierniiinieiniierieerieeseeenee e 571
Causal RIQs — NMO01 on MA Maintaining Capacity ......cccoeeveeeeriiveeiriieeesriieeesieeessieee s 573
Causal RIQs — CMO1 0N “Capacity = X” .eceecererereeiereeietenee e seeste e ente e saesbeseeseeeeenseneens 577
Causal RIQs — CMO1 0N “X 2 CAPACILY” ...veeoierieieerieerteeteeeeeete e see e e stesaeseesreeseeesseenseans 581
Causal RIQS — CMOL 0N FINANCES .....uiiiuieriiieiieeiet et esitt ettt ettt sate et e sane s e saneenees 583
Causal RIQs — CMO1 0n COMPrenENSIVENESS ...c...uiiiueerrieieriieeietesireesiee et et e sire e e see e 584
Elements Not Mentioned or Elements that were Re-conceptualized by Clinic 6 Interviews
586
Causal RIQS — CliNicians 0N TrUSE .....eieiieiiieieeee ettt st 589
Constants Used iN the MOdEl.........cooiiiirierieiieiieeeee e e e 592
o] [ ol A o] 1 1 =Y 3} £ USSR 594
Policies in the SIMulation Model .........coouiiiiiiiii e e 595
Environmental Conditions in the Simulation Model - Constants..........ccceceerveerieeriieenneens 596
Preferences in the Simulation Model — Table FUNCLIONS ........cccceevieiiniiniinieeeeee e 597
Vensim Functions Used in the Model of Primary Care Transformation ...........ccccceeeeuneeen. 599
Simulation Model EQUAtiONS.........eoiiiiiiiiiiiieeere ettt st 600
Behavior & Policy Sensitivity RESUILS .....ccuuviiiieeiieiteec et 624

22



TABLE OF BOXES

Box 2.1 Equations Corresponding t0 FIZUIE 2.4 .........oeicuieeeiiiee et eeeee et e et e e e e e et e e e nea e e e eanaeas 63
BOX 3.1  The LEVEI Of IMIAS ..ottt sttt ettt s e e 142
Box 3.2  INflow Of TEChNICAl TASKS ...ccveiiiiiiiieiiii et 152
Box 3.3  Adherence to Clinical GUIEIINES ........ccirviriiriiieeeere et 156
Box 3.4  The Level of MA ONIY TaSKS .....iiiciiieiiiiee ettt cee et tre e e s aae e e e s ta e e e earae e ssnseeesensaeeeennes 158
Box 3.5 The Level of MD TeChnical TAsKS ......cccuiiiiiiiiiiieeiie ettt 159
Box 3.6 The Level of MD Non-technical Tasks.......ccoiuiiiieriiiiiieeiieieee e 162
Box 3.7 The Level of MA-AdVANCEd TaSKS ...c..eevviiiiriiniieiieeeene ettt s s e 163
Box 3.8 The Level of Training Tasks (IMID)......cccuuiieiiiiieieiiee e ciee e et e eeiee e stvee e e ste e e e earae e ssavaeesearaeeeennes 167
Box 3.9 The Level of MA Capabilities .......ooveeiiiiiiieiiiieieee et 171
BOX 3.10  CliNIC FINANCES ..eeuteetieieeiieiiie ittt ettt ettt st st sae e st e et e et e e bt e sbee s b e e b e e besmnesmeenaie 177
Box 3.11  Clinician Payment POIICIES .......ccueieiiiiieeeiiie sttt e ettt e e tte e e e e ta e e e e ata e e esabaeesetaeeeennes 178
Box 3.12  The Level Of IMID ENCOUNTEIS......coiiiiiiiiiieeiet ettt ettt ettt ettt sae e san e sne e e sane e e 179
Box 3.13 The Level of MD Willingness to Task-Shift (TS).....cccevveeiiiierieiiiiesieece e 186
Box E.1 Shared Mental Model Saturation Test (SMM=S TESE) .....cccceieeiiieeiiiieeeeireeeecree e erree e e rree s 510
Box E.2  Coding Transcripts for the Conceptual Model Saturation Test .......ccccceveieeiriiieeeiiciiee e 513
Box E.3  Steps for Constructing the Conceptual Model Saturation CUrVes........ccceeeecveeeeiveeeesiieeeenne 519

Box E.4 Detailed Guide to Symbols and Structure of Rigorously-Interpreted Quotations for Causality
524
Box E.5 Conceptual Model Saturation Test (CIM=-S TESt) ...ccccuievieeieieiieciieeree et cee et 525
Box E.6  Steps for Evaluating the Structural Concepts from Modeling Inputs for the Simulation Model
SAUFAION TEST ciiiiiiiiiiic e e 527

Box E.7 Steps for Evaluating the Behavior of SIM1 with Respect to Rigorously-Interpreted Quotations

for Causality under the Simulation Model Saturation Test .........vevecveeeiiieeeeiiiee e 528
Box E.8 Simulation Model Saturation Test (SIM=S TESt).....cccciuirieiiiiie et eeire e et e e eeree e e evae e e 530
Box E.9 Steps for Creation of Information Accumulation Graphs .......cccccoeevciiiiieeiieiccciieee e, 534

Box E.10 Detailed Guide to Symbols and Structure of Rigorously-Interpreted Quotations for Causality
for Perception of Information-Feedback or Multiple Feedback Loops.......cccccveeveeiiiciiieeieeeiecinns 539

Box E.11 Detailed Guide to Symbols and Structure of the Rigorously-Interpreted Quotations for

(00T~ o1 1 To ] o PSPPI 541
Box E.12  System Dynamics Saturation Test (SD-S TESt) ....ccevcuieierciiieieiiee e cteeeesre e eeree e esvee e sere e 542
Box F.1 The Elements of Rigorously-Interpreted Quotations for Causality Tables .........cccccceeeurnnneee... 587

23



TABLE OF MOST COMMON ACRONYMS

Acronym

Term

CLD

Causal Loop Diagram

CLD Combination

Causal Loop Diagram Combination

CM-S

Conceptual Model Saturation

HSDO

Health service delivery organization

MD(s)/Clinician(s)/CL

Clinicians (licensed practitioners able to manage their own
patients). May include doctors, nurse practitioners and physician
assistants. MD is the acronym used in simulation model variables
and CL references to specific study participants. They are
interchangeable. Participants may also refer to these individuals as

“providers”. Otherwise, the term “clinician” is used.

MA(s)Clinical Staff

Primary care team members (staff members working in teams with

Member(s) clinicians). Initially, these personnel are medical assistants. As task
shifted become more complicated, care teams utilize personnel of
other professions such as nurses, social workers and pharmacists
(See Chapter 1 for more detail). MA is the acronym used in model
variables and references to specific quotations.

MMHSR Mixed methods in health services research

PCMH Patient-Centered Medical Home

PCT Primary care transformation

RIQ (Causal or

Rigorously-interpreted quotations. There are two types: causal and

Cognitive) cognitive

SD-S System Dynamics Saturation
SDM System Dynamics Modeling
SIM-S Simulation Model Saturation
SMM-S Shared Mental Model Saturation
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TABLE OF ACRONYMS

Acronym Term

AHRQ United States Agency for Healthcare Research and Quality
ANOVA Analysis of variance

CLD Causal Loop Diagram

CLD Combination

Causal Loop Diagram Combination

C™M Center Manager

CM-S Conceptual Model Saturation

CPT Current Procedural Terminology Code - a code characterizing the
patient visit for insurance billing (payment) purposes.

CptV1 Conceptual Validity Subtype #1

CptV2 Conceptual Validity Subtype #2

CptV3 Conceptual Validity Subtype #3

CptV4 Conceptual Validity Subtype #4

DV1 Data Validity Subtype #1

DV2 Data Validity Subtype #2

DV3 Data Validity Subtype #3

EV1 Experimental Validity Subtype #1

EV2 Experimental Validity Subtype #2

FV1 Formulational Validity Subtype #1

FV2 Formulational Validity Subtype #2

FV3 Formulational Validity Subtype #3

HSDO Health service delivery organization

ID Identification number

MD(s)/Clinician(s)/CL

Clinicians (licensed practitioners able to manage their own patients).
May include doctors, nurse practitioners and physician assistants.
MD is the acronym used in simulation model variables and CL
references to specific study participants. They are interchangeable.
Participants may also refer to these individuals as “providers”.

Otherwise, the term “clinician” is used.

MA(s)Clinical Staff
Member(s)

Primary care team members (staff members working in teams with
clinicians). Initially, these personnel are medical assistants. As task
shifted become more complicated, care teams utilize personnel of

other professions such as nurses, social workers and pharmacists
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Acronym

Term

(See Chapter 1 for more detail). MA is the acronym used in model

variables and references to specific quotations.

MMHSR Mixed methods in health services research

NM Nurse Manager

PC Primary care

PCMH Patient-Centered Medical Home

PCT Primary care transformation

RIQ Rigorously-interpreted quotations. There are two types: causal and
cognitive

SD-S System Dynamics Saturation

SDM System Dynamics Modeling

SIM-S Simulation Model Saturation

SMM-S Shared Mental Model Saturation

TPC The Transforming Primary Care grant

TS Task-shifting

us United States of America
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1.1INTRODUCTION

“Theory without empirical research is empty, empirical research without theory is
blind.” Bourdieu (p. 774-775) [1]

For primary care to reach its theoretical potential, the theory of how primary care improves
over time must be better understood in its complexity, using methods up to the task. Two

aims emerged as | pursued this dissertation: a theoretical aim and a methodological aim.

Theoretical Aim: to develop a better theory of primary care transformation (PCT). On the
one hand, there is a broad consensus about primary care, namely: it plays a central role in a
health system and works best when its four main tenets (access, continuity,
comprehensiveness and coordination) are in place. On the other hand, interventions putting
this theory into practice, such as the Patient-Centered Medical Home (PCMH) in the United
States (US), have proven to be challenging to implement and to evaluate. Therefore, while the
value of and desire for a health system based on primary care is clear, it is sometimes less

apparent how it can be attained.

Methodological Aim: to select adequate methods, and create new ones when needed, to
understand the dynamics of PCT. On the one hand, primary care is not constrained in that it
does not have a clear research paradigm like other medical professions[2]. On the other hand,
research in primary care involves many intangible variables, making empirical research and
policy formulation challenging (ibid.). Therefore, while there is paradigmatic flexibility,
researchers have been slow to use, adapt and develop the methods which are suitable in these

conditions.

This dissertation contributes to meeting these aims by developing a grounded and dynamic
theory of PCT in a PCMH-implementing health service delivery organization (HSDO), in the US
(objective #1). The focus of this theory is on the structural facilitators and barriers to achieving
and sustaining high quality primary care. Contributing to outstanding research questions in
mixed methods in health services research (MMHSR) involves three more objectives:
addressing paradigm issues (objective #2), presentation of results that engage the
subconscious, emotional level on which decision making is based (objective #3) and addressing

issues of empirical validity (objective #4).

This dissertation has grown organically from the mixed methods work of a multi-disciplinary,
organizationally-embedded, research team studying PCT at the University of Utah; herein
referred to as the Mixed Methods Project. In 2010, the US Agency for Healthcare Research &

Quality awarded 14 Transforming Primary Care grants to retrospectively describe the process
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and content of transformation toward PCMH that had occurred in various settings across the

US, including one to the Mixed Methods Project at the University of Utah[3].

My primary tasks as a member of this team were: to design and collect portions of the
qualitative data, to design and perform mixed methods analyses, and to disseminate findings
(see Appendix A for full list of dissemination products). Both University of Utah Institutional
Review Board approval and London School of Hygiene and Tropical Medicine Ethics Committee

approval were received for the analysis performed in this dissertation (see Appendix B).

In the next two sections, | will present my research aims in greater depth. Section 1.2 focuses
on primary care and Section 1.3 focuses on methods. Each section identifies the relevant

problems (shown in boldface underlined font) and the corresponding objectives. Section 1.4

presents an overview of the dissertation.
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1.2PRIMARY CARE

1.2.1DEFINITION OF PRIMARY CARE

In this section, | first describe primary care, then | analyze formal definitions and discuss how

primary care is changing. Primary care (as referred to in this dissertation and as broadly

practiced in the US) is described considering the following five questions: What is primary

care? What is delivered? Who delivers primary care services? Who receives primary care, and

when? Where and how are services delivered? How are these services paid for?

What is primary care?

Primary care is the patient’s first point of contact with the health system. With the
exception of needing emergency services, the patient begins seeking care in primary
care and is then referred to specialty care as needed. Thus, primary care is the first
step in a continuing health care process, where the patient develops a long-term

relationship with the clinician (i.e., the person delivering the primary care services)[4].

At times, the term primary health care is conflated with the term primary care;
however, primary health care denotes a more holistic perspective as it also includes
coordination with other sectors in addition to the health sector![5]. This dissertation
uses the term primary care as it focuses specifically on primary care services delivered
within the health sector and is the term commonly used in the US (the context of this

work).
What is delivered?

Primary care is the part of the health system that treats and/or coordinates care for
the patient as a whole to promote health, prevent disease, treat acute symptoms and
manage chronic conditions. Services offered in primary care in the US include
preventive services[4, 6] (e.g., immunizations, colonoscopy), acute services[4] (e.g.,
laceration repair, foreign body removal), chronic disease management services[7]
(e.g., patient education, monitoring blood glucose level), as well as some simple in-
office procedures depending on provider preference[8] (e.g., Papanicolaou smear,

biopsy, new-born circumcision)[8]. For getting access to services outside primary care,

1 “[Primary health care] involves, in addition to the health sector, all related sectors and aspects of
national and community development, in particular agriculture, animal husbandry, food, industry,
education, housing, public works, communications and other sectors; and demands the coordinated
efforts of all those sectors” (p.2).
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the clinician can coordinate? care, for example, by sending referrals to specialty,
receiving reports from specialty and hospital visits and conferring with other providers

regarding the patient’s evolving care plan[4].
Who delivers primary care services?

Providers practicing in primary care may have been trained in a range of medical
specialties, including: family medicine, general practice, general internal medicine,
geriatrics, general pediatrics, obstetrics and gynecology, and sports medicine[9].
Primary care clinicians (herein, clinicians) are professionals with postgraduate training;
including physicians, nurse practitioners, and physician assistants[10]. All are licensed
practitioners able to manage their own patients (although the level of physician

supervision required differs by US states)[11, 12].

Often, clinicians work in teams, known as care teams. Teams may be directed by one
or two clinicians or more diffusely by a group of clinicians. Care team members
(referred to in this dissertation as clinical staff members) may include unlicensed
personnel such as medical assistants, licensed personnel such as nurses and social
workers, as well as postgraduate-trained personnel such as nutritionists and
pharmacists[13]. These additional team members may be referred to by their
training/background (as above) or by their role (e.g., care manager, transitions
navigator, health educator)[14-16]. While team make-up varies, it is most common for
clinical staff members who are medical assistants to work full time on the care team
with the clinician, while licensed personnel work on an on-call basis. Clinical staff
members perform various tasks, depending on their training, license, and prescribed
role within the care team. For example, Tomoaia-Cotisel et al.[16-18] reported on the
range of policies for organizing and delivering care management[19]° services across
the US. Sometimes, clinicians deliver these services. In other practices, particular staff
members are dedicated to providing these services. Yet, other practices divide these
services across clinicians and staff members. The training of clinical staff members

providing these services also varies, as do the services provided.

2 This can be by playing the role of a gatekeeper, although, in the US, the insurance and legal professions
(through malpractice litigation) also determine the services offered, and which services a patient can
receive even without consent of their primary care doctor, to some extent.

3 Defined as “a set of activities designed to assist patients and their support systems in

managing medical conditions and related psychosocial problems more effectively” (p.2).
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Who receives primary care, and when?

Patients of all ages receive primary care for the large majority of their health care
needs. Access to this care is mediated by the cost of services and one’s ability to pay.
To receive adequate primary care, healthy individuals are to have periodic visits for
screening, counseling and comprehensive physical examination. How often these are
needed depends on a patient’s age, gender and other circumstances[20], although an
annual visit is preferred for patients to maintain a strong relationship with their
clinician[21, 22]. Otherwise, primary care services are received as needed; for
example, patients with chronic conditions make recurring visits and other patients

seek care when a need (e.g., feeling sick) is identified.

Clinicians are referred to as having a patient panel — that is, that they have a group of
patients for whom they take stewardship. Some practices use a proactive model
where their goal is to take responsibility for the health of their panel as a population
(e.g., by following up with patients after a discharge from the hospital, or mailing
educational materials), not just those seeking visits. In other cases, a reactive model is
used where patients are not assigned to a clinician or care team, but see whoever is

available, and where most services are provided on an as-needed basis.
Where and how are primary care services delivered?

Most often, the patient comes to the office of the clinician. The patient is escorted to
the exam room where concerns, which often involve social and behavioral aspects in
addition to disease, are discussed, progress is reviewed, tests are ordered, referrals
are made, and care plans are updated. Primary care is also sometimes, although less
frequently, delivered in the patient’s place of residence (i.e., the home, or a nursing

home).
How are these services paid for?

The US has an insurance-based* health care system. When services are delivered to a
patient, clinicians generate a claim which characterizes the visit overall using a Current
Procedural Terminology Code (i.e., CPT Code)[23]. This claim is sent to the patient’s

insurance company and/or to the patient for payment.

4 There are both private insurance providers and public ones — commonly referred to as payers.
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If the patient chooses not to have insurance, then he/she is required to pay the full
cost of care out of pocket. For insured patients, the insurance company reviews the
claim as well as justification for the CPT code and either approves or denies the claim.
If it is approved, then the insurance company pays a portion or all of the cost,
according to the contract. If the claim is denied, then the patient must pay for it in its
entirety. If the patient cannot/does not pay the amount owed, then the cost is

absorbed by the primary care practice.

Because primary care encompasses many different types of services and can often be taken for
granted, much effort has been placed in setting out aspirational, formal, research and
operational definitions of primary care. The Alma Ata Declaration provides an aspirational
definition[5]. At the same time, the US Institute of Medicine provides a formal definition of
what primary care constitutes in the US[24, 25]. A quarter-century later, Starfield and
colleagues[26] provide a formal definition for researchers to use, observing that research on the
effectiveness of primary care needed to use a more specific, formal definition in the study design
in order to have meaningful findings for health policy. Put forth by the American Academy of
Family Physicians, the American Academy of Pediatrics, the American College of Physicians, and
the American Osteopathic Association, the PCMH Joint Principles presents an even more specific

definition, which aims to operationalize the aspirational principles laid out in Alma Ata[27].

There are four tenets that are common to each of these definitions: access, coordination
comprehensiveness and continuity. These are the key features that distinguish primary care
from secondary and tertiary care, and it is described in general terms as follows (based on

Kozakowski[4]):

e Access refers to the responsibility of primary care to be the first step in patients’
health care process;

e Continuity refers to the responsibility of primary care to help patients through health
problems, which cannot be solved in one visit implying a continuous process of care,
and the importance of patients’ developing a long-term relationship with the clinician;

e Coordination refers to the responsibility of clinicians to work together with other
professionals who are responsible for addressing patients’ health problems; and

e Comprehensiveness addresses the responsibility of clinicians to provide services from
a holistic perspective and according to the relevant clinical guidelines. These tenets

are the structural pillars of the edifice of primary care.

Table 1.1 below shows excerpts from these formal definitions focusing on the four tenets.
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Table 1.1

Primary Care - from Global Aspiration to The Patient-Centered Medical Home

Global Aspiration
Alma-Ata 1978][5] (p. 1-2)

Formal Definition
US Institute of Medicine
1978[25] (p. 1)

Research Definition
Starfield et al. 2005
[26] (p. 458)

Operational Definition
PCMH Joint Principles 2007[27] (p. 1-2)

Access (1) “first level of contact ... with the ... “accessible health care “first-contact access “Enhanced access to care is available through
health system” services” for each new need” systems such as open scheduling, expanded hours
and new options for communication between
(2) “universally accessible” patients, their personal physician, and practice staff.”
Continuity “first element of a continuing health care “developing a sustained “long-term person- “Personal physician - each patient has an ongoing

process”

”

partnership with patients

(not disease) focused
care”

relationship with a personal physician trained to
provide first contact, continuous and comprehensive
care.”

Coordination

(1) “sustained by integrated, functional
and mutually supportive referral systems,
leading to the progressive improvement of
comprehensive health care”

(2) “[includes coordination with sectors in
addition to the health sector; for
example,] agriculture, animal husbandry,
food, industry, education, housing, public
works, communications”

“the provision of
integrated [health care
services]”

“coordinated care
when it must be
sought elsewhere”

“Care is coordinated and/or integrated across all
elements of the complex health care system (e.g.,
subspecialty care, hospitals, home health agencies,
nursing homes) and the patient’s community (e.g.,
family, public and private community-based services).
Care is facilitated by registries, information
technology, health information exchange and other
means to assure that patients get the indicated care
when and where they need and want it in a culturally
and linguistically appropriate manner.”

Comprehensiveness

“addresses the main health problems in
the community, providing promotive,
preventive, curative and rehabilitative
services accordingly”

“by clinicians who are
accountable for
addressing a large
majority of personal
health care needs”

“comprehensive care
for most health
needs”

“Whole person orientation - the personal physician is
responsible for providing for all the patient’s health
care needs or taking responsibility for appropriately
arranging care with other qualified professionals.
This includes care for all stages of life; acute care;
chronic care; preventive services; and end of life
care.”
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Table 1.1 shows that PCMH is an organized, specific concept for putting the four primary care
tenets into practice. Nevertheless, the theory supporting PCMH recognizes that the process of
successfully putting these tenets into practice (i.e., PCMH implementation) also requires

changes beyond delivery of care, which comprise the transformation of primary care (PCT):

“The patient-centered medical home is four things: 1) the fundamental tenets of
primary care: first contact access, comprehensiveness, integration/coordination, and
relationships involving sustained partnership; 2) new ways of organizing practice; 3)
development of practices’ internal capabilities, and 4) related health care system and
reimbursement changes. All of these are focused on improving the health of whole
people, families, communities and populations, and on increasing the value of
healthcare.”[28] (p. 601)

Important differences between PCMH and traditional primary care in the US include:

e New roles for and/or new types of staff members

e Ateam-based care approach

e Shifting tasks from the clinician to other team members (e.g., the pharmacist, the
social worker, the care manager, the medical assistant, the health coach), and

e Innovative payment models (e.g., based on value of work performed).

1.2.2PROBLEM: FULL VALUE OF PRIMARY CARE HAS YET TO BE
REALIZED

The well-established value[29-31] of primary care involves better quality[32], better health,
lower cost, as well as lower inequity[25, 26, 33-43]. There is, though, a misalighment between
these benefits and the cost of improving primary care. The benefits “accrue [to society] at the
level of the patient’s lived experience outside of health care, and at the levels of the
healthcare system, community, workforce and population” (p.604); thus, the value of primary
care can be found largely by looking outside the health care system[28]. However, in the US,
the cost of investing in improvements to primary care, like PCMH, is primarily borne by

independent primary care clinics as well as by integrated HSDOs[28].

Along with the misalignment of benefits and costs, there is also a paucity of experience with
“the process and intended and unintended consequences of transforming current practices
into [PCMHs]”[28] (p. 601). This situation places primary care HSDOs and clinics in a difficult
position, where they must choose between undertaking a major transformation, at their own
expense, with a limited understanding of how to succeed, and maintaining the status quo

(with its own problems, discussed later).
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In order to learn how the hundreds of pilots and demonstrations across the US worked to
overcome these challenges, the US Agency for Healthcare Research and Quality commissioned
research (in 2010) “to better understand challenges faced by primary care practices as they
transform into PCMHs"[3] (p. 1). In so doing, the hope was to narrow the gap between theory
and practice. Each site selected has contextual as well as implementation differences(8, 44-

57].

The effort at the University of Utah Community Clinics occurred semi-autonomously from the
parent organization, University of Utah Health (herein the HSDO). It began in 2003, following a

business turnaround, with innovation allowed and encouraged[58].

University of Utah Health, the Mountain West’s only academic health care system, is one of

the health systems providing care for Utahans and residents of five of the surrounding states.
Its three-part mission involves excellence in: patient care, education and research. University
of Utah Health is an integrated HSDO, including four hospitals, which provides primary care in

12 community clinics. It also has its own health insurance plan: University Health Plan[59].

At the time data were collected (2011), there were 10 community clinics, with 70 clinicians,
which served 100,000 active patients (more than 200,000 primary care visits) per year. Clinics
ranged in size, with the smallest clinic having four clinicians and approximately 9,000 visits and

the largest clinic having 14 clinicians and approximately 17,500 visits[56].

The HSDO’s community clinics employ management staff consisting of healthcare
administrators, medical directors, and nurse managers. Among other duties, mangers are

tasked with staying profitable, with any profits being absorbed by the HSDO.

Figure 1.1 displays the 10 community clinics (red points) along with similar clinics (blue points).
There is no internal competition for 4 of the 10 clinics (as shown by the red two-mile, yellow
five-mile and blue ten-mile radius circles around those clinics). They are all located in the

Greater Salt Lake City metropolitan region[60].
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Figure 1.1 Map of the 10 University of Utah Community Clinics, Greater Salt Lake City Metropolitan Region, Utah, US

2 . O Qe®
# iy _J?ed‘woodeg>°

o YMadsen
\ AWestridge Sugarhouse
Redstone

. Greenwood
Q :

% f’/‘p"#-v‘!' P

~ Googles
:2013 Ter wem@

.

NOTE: This Figure displays the Greater Salt Lake City metropolita region. The 10 community clinics (red points) and similar

Googlc earth

clinics (blue points) are shown. No internal competition exists for 4 of the 10 clinics (as shown by the red two-mile, yellow

five-mile and blue ten-mile radius circles).

37



Now, in 2017, it has been almost 10 years since the earliest PCMH pilots were launched. While
no meta-analysis or systematic literature review exists that would point to the ability of PCMH
to deliver the promised value, peer-reviewed publications do provide some insights: (1)
transforming primary care is challenging[61-63], (2) clinics vary in how they put the concepts
of PCMH into practice[16, 54, 63, 64] and (3) clinics vary in the extent to which they improve

outcomes (e.g., cost, quality, patient satisfaction)[15, 65-70].

Despite this variation, the consensus on the merits of primary care (and thus of PCMH
implementation as the current blueprint for PCT) is strong enough to ensure that PCMH
adoption is likely to continue growing — whether through public policy or organically. This
means clinics adopting PCMH will not be able to begin their transformation with certainty of
succeeding. Improvements to theory, such as a better understanding of the complex
interactions between the primary care tenets in transformation, have the potential both to

improve clinics’ chances of success and to refine researchers’ questions.

The US Institute of Medicine reaffirms the importance of primary care as the “logical
foundation of an effective health care system” (p. v) and as being “essential to achieving the

objectives that together constitute value in health care” (p. 2)[71]. The past decades have

seen a growing recognition of the value of primary care and a growing sense of urgency to

narrow the gap between theory and the reality of primary care in practice.

The transformation of primary care sought by PCMH matters because it is designed to address
important problems arising in health systems where the primary care tenets are deficient,

including:

There is a need for more comprehensive care: Half of the US population suffers from
chronic conditions[72]; these conditions are uncontrolled for: half of those with
hypertension[73], more than 80% of those with hyperlipidemia[74] and 43% of those
with diabetes[75]. McGlynn et al. report that clinicians are only able to provide 55% of
chronic and preventive services[76]. Estimates indicate that it would take 21.7 hours
per day for a clinician to deliver comprehensive services to a panel of 2,500

patients[77-79].

There is a need for greater access: At times, the US population also uses hospitals for
conditions that are considered primary care treatable and/or primary care
preventable, whether entering the Emergency Department, hospital admissions or
readmissions[80]. Research has shown that greater access to clinicians addresses

primary care treatable concerns and reduces preventable hospital visits[81-83].

38



There is a need for more coordination among providers: The US population also
experiences care fragmentation, which is when there is insufficient infrastructure to
have specialty providers coordinate patient care with the clinician. This can result in
adverse consequences, in particular for patients with chronic and mental health

conditions[15-18, 84, 85].

There is a need for an added measure of continuity between provider and patient:
Patients’ longitudinal continuity with a provider is reinforced by the interpersonal
relationship that forms between them, and vice versa[86-88]. This relationship
enhances the provider’s ability to be person-focused and to be aware of the person’s
context such that “care [is] integrated and prioritized across acute and chronic illness,
preventive, psychosocial, and family care”[89] (p. 294). Low continuity exacerbates

the deficiencies in the other three tenets described above[90].

These societal problems are felt deeply in the US as its citizens recognize that the US has high

health care spending and only moderate outcomes([76, 91, 92]. These trends persist when the

The US is not unlike other World Health Organization Member States in this respect. In the
2008 World Health Organization report Primary Health Care - Now More Than Ever[95],
Director General Margaret Chan laments: “despite enormous progress in health globally, our
collective failures to deliver in line with [Alma Ata] values are painfully obvious and deserve
our greatest attention” (p. viii). As part of “a shift towards... more comprehensive thinking
about the performance of the health system as a whole” (ibid.), Member States have
demanded knowledge regarding how they can achieve more “equitable, inclusive and fair”
health systems and meet the growing demand for primary care (ibid.). The World Health
Organization calls for “re-organiz[ing] health services around people’s needs and expectations,
so as to make them more socially relevant and more responsive to the changing world”, as a

crucial step toward resolving the “intolerable gaps between aspiration and implementation”

(p. ix)[95].
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1.2.3THEORETICAL AIM & OBJECTIVE #1

The dissertation relies on the following problem statement for this research:

Primary care transformation has been and continues to be an elusive target. In the
short term, implementation is hard and failure abounds. In the long term, some
practices reach successful implementation. We lack sufficient understanding of the

structure of primary care, and of the policies that can impact this structure.

This problem statement is the cumulative result of all phases of this dissertation. As presented
in Appendix C, the Scoping Study, tensions were found to exist within the structure of primary
care such that the four tenets of primary care and the context of transformation at the HSDO
influenced each other, where the hoped-for levels of implementation could not be reached in
all tenets at the same time. These tensions involve complex interactions within the underlying

causal structure of primary care which contribute to the observed failure and success modes.

While the value of the primary care tenets is well understood, current theory lacks an
understanding of the complex interactions between them as well as their interaction within
the system of care already in place. This understanding is necessary in order to realize the

aspirations of health care systems worldwide.

My theoretical aim is to develop a better theory of primary care transformation. This aim has
one theoretical objective (Objective #1): to develop a grounded, dynamic theory of PCT in
order to build understanding of the key structures generating the primary care health service
delivery system behaviors of difficulty, failure and success that HSDOs experience when
implementing system improvements such as PCMH. In meeting this aim, this research will
develop useful theory for anyone engaged in PCT (including clinicians, managers and other
influential policy-makers in health service delivery systems), facilitating improved

transformation.
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1.3HEALTH SERVICES RESEARCH

In this section, | describe how, in order to reach the above theoretical aim/objective #1, an
additional methodological aim would also need to be met. Section 1.3.1 introduces mixed
methods in health services research (MMHSR) and describes a problem in MMHSR
methodology: methods for studies seeking to inform policy have not yet reached their
potential (according to Miller et al.[96]). In Section 1.3.2, the methodological research aim

and objectives #2-4 are described.

1.3.1PROBLEM: FULL POTENTIAL OF MIXED METHODS HAS YET TO BE
REALIZED

Miller at al explain that, whereas health services research in general aims to “provid[e] valid
characterizations of the complex interactions among components of ... care delivery systems”,
the purpose of mixed methods studies is to “fully capture the complex interactions among
components, including interactions among multiple levels of analysis and over time”[96] (p.
2125, emphasis added). Therefore, when studying change in health services delivery systems,
researchers often employ a mixed methods study design. MMHSR studies are expected to
build understanding of both the structure and the dynamics of health care delivery systems

and to do so in a grounded, empirically valid way.

The theoretical objective of this dissertation is to build understanding of a complex structure,

of the structure-behavior link, and of policy options, fitting within the scope of MMHSR.

The expectations placed on MMHSR studies are high, but they are even greater when
considering how to influence policy. Miller et al. explain that by reporting “perspectives and
experiences” as “stories to accompany numbers”, MMHSR studies have the potential to

engage “policy makers, system leaders, and practitioners in dialogue about the nature of the

research and the implications of the findings”[96] (p. 2129). In order for MMHSR research to

affect change, it must reach these stakeholders at a deep level, motivating them to change

policies and behaviors. The authors said that methods for this have not yet been developed.

There are three areas where prevailing MMHSR approaches could improve to more effectively
reach these policy-making stakeholders: (1) addressing paradigm issues, (2) engaging the
subconscious, emotional level on which decision making is based, and (3) addressing issues of
empirical validity. Developing methods which address these areas will contribute to MMHSR’s
attaining of what Miller et al. envision to be the future of MMHSR findings: “a mosaic from

which an emotionally engaging and empirically valid research story is created”[96] (p. 2129).
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1.3.2METHODOLOGICAL AIM OF THE STUDY

In order to succeed at the theoretical objective (objective #1 above), | needed to use methods
up to the task. Thus, a methodological aim emerged: to select adequate methods, and create
new ones when needed, to understand the dynamics of PCT. My standard for adequacy is that
the methods used meet the three needs for improvement identified by Miller et al.[96] above,
namely: addressing paradigm issues (objective #2), presentation of results that engage the
subconscious, emotional level on which decision making is based (objective #3) and addressing

issues of empirical validity (objective #4).

This study uses System Dynamics® Modeling (SDM) methodology (as justified in Appendix C
and explained in Chapter 2). In the process of seeking to address the three areas raised above,
this dissertation also contributes to new developments in SDM and its application. The

following sections define the problem that each objective seeks to address.

1.3.2.1 OBJECTIVE #2: ADDRESSING PARADIGM ISSUES

In their introductory text to the social sciences, Hoover & Donovan[97] define science as “the
reduction of uncertainty ... (using) what observation can accomplish” (p. viii). Social science is
distinct in its responsibility to answer “the theorist’s most basic question: ‘what can be done to
improve the human condition — and what matters are beyond our ability to change?” (ibid.,
emphasis added). In fulfilling this responsibility, the limitations of methodology must be taken
into account because, “(no) approach holds all the answers ... every approach has pitfalls and
openings to prejudice. Choosing the appropriate methodology, or combination of
methodologies, is the critical consideration” (p. ix). This choice is critical because getting the
methods wrong can mean research runs the risk of incorrectly placing improvable issues

outside the boundary of “our ability to change” (p. viii) when they are indeed within reach[97].

MMHSR studies are commissioned in efforts to expand this boundary; implicitly assuming that
either qualitative or quantitative methods used in isolation would not be appropriate. For the
complex problems that MMHSR seeks to understand, there are important philosophical issues
with choosing either the interpretivist (subjective) or the positivist (objective) paradigm, or

placing either one in a position above the other[96].

Philosophers of social science, such as Trigg, have argued that philosophical issues arise

because of the tendency of each paradigm to focus on a certain type of problem. Approaches

5 System dynamics is the proper term for what is discussed in this dissertation. It is different from
systems dynamics, systems dynamic, and dynamical systems. At times these terms are used improperly
in the literature, so | make this clarification.
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from the positivist paradigm focus on individual-level problems with measurable variables,
often involving agents. Approaches from the interpretivist paradigm focus on context-level
problems with intangible variables, often involving societal structures. Such individual/society
(or agent/structure) issues are “the major problem facing social science” (p. 205) because they
lead to research that ignores the “intertwined relationship of individual and social setting” (p.

207), which plays out over time through “the fact of unintended consequences” (p. 207)[98].

Public health scholars Sale et al. argue that, while holistic research is certainly needed in the
domain of public health, mixing methods raises important philosophical issues because using
gualitative and quantitative methods requires the use of multiple paradigms — depending on
how they are mixed, research can enter the territory of paradigm incommensurability. When
this paradigm problem occurs, information is lost and data can be misrepresented. To be
empirically valid, according to Sale et al., MMHSR studies should work to achieve
complementarity until a paradigm shift occurs and social science develops an integrative

methodology[99].

Therefore, for Trigg, the paradigm issue is the individual/society problem and for Sale et al. it is
paradigm incommensurability. One approach to dealing with these paradigm issues is SDM,
which has its own limitations (described below). Therefore, in this work, (objective #2) | seek
to address paradigm issues raised above by addressing outstanding questions in SDM

regarding its potential to act as an integrative paradigm and methodology.

According to the research of the system dynamics theorist David Lane, SDM use in practice
follows an integrative methodology: “the social theoretic assumptions inferred from [SDM]
practice are seen to stretch from objectivism and across social system theory into social action
theory and, arguably, are consistent with social theories that aim to integrate objective and

subjective positions”[100] (p. 455, emphasis added).

While all work in SDM integrates numbers and stories, prior to Lane’s theoretical work[101-
106], its position as a potentially-integrative methodology was not clear. Lane points out that
the interpretivist tools which consider social realities within organizations are under-
developed (e.g., solutions that are implementable and acceptable, dealing with norms and
values, creating culturally feasible changes)[105]. Such tools would “attach importance to the
conceptualization of situations [and] the creation of shared understanding of the different

perspectives [of stakeholders]”[105] (p. 113).
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The interpretivist roots of SDM are found in its use of decision functions® — equations that
represent the way information is brought together in the mind of a decision-maker. These
decisions are understood to follow policies which may or may not have ever been documented
descriptively and to involve processing information from informal sources and
perceptions[107] (p. 118). Therefore, Jay Forrester, the system dynamics founder, felt that
selecting variables and linking them in decision functions, was not only the second most
important step in the SDM model development process (after setting model boundaries), but

that it was also the most difficult one[107] (p. 118).

Morecroft pointed out that “there is very little guidance for the earliest and sometimes most
challenging step of initial conceptualization”[108] (p.14) (see also Morecroft[109, 110]). A
decade later, Peterson & Eberlein[111] bemoaned the state of the SDM literature for (still)
failing to articulate the procedures for how equations should be written, explaining that it
required researchers to be able to make “unconscious or intuitive leaps” (p. 172).
Contemporaneously, Richmond argued that such leaps cross a gap which appears for novices
to be an “abyss”[112] (p. 145). Much SDM scholarship has worked to improve

conceptualization methods[113, 114] (p. 110, 442)[115]. That said, the issues of social realities

and shared understanding raised by Lane[105] and the setting of boundaries and selection and
linking of variables raised by Forrester[107] (p. 118) have received some but relatively less,
attention(see Sterman[113] (p. 138-139) and others[116, 117]). For SDM to function as an

integrative methodology, the methods for addressing these questions need to be improved.

1.3.2.2 OBJECTIVE #3: PRESENTATION OF RESULTS THAT ENGAGE THE
SUBCONSCIOUS, EMOTIONAL LEVEL ON WHICH DECISION-MAKING IS
BASED

Policy-makers, whether elected officials, managers or physicians, make policies using

reasoning that exists at a subconscious, emotional level, based partly on beliefs, intuition and
tradition. Miller et al. argue that in order to persuade policy makers to change these policies,
MMHSR needs a mosaic that tells stories with numbers in order to better engage them at this

level[96].

In this dissertation, the term mental model is reserved for what is known in SDM as a mental
model of a dynamic system; defined as:
“A relatively enduring and accessible, but limited, internal conceptual representation

of an external system (historical, existing or projected) whose structure is analogous to
the perceived structure of that system”[118] (p. 414, parentheses in original).

6 The term decision function is used interchangeably with the terms policy function and operating
policies in system dynamics and in this dissertation.

44



The SDM research concept of mental models, therefore, considers the subconscious level of

decision-making posited by Miller. This aspect is explained in more detail by Dolye and Ford:
“Part of mental models may be altered, deleted or added on a time scale of minutes or
seconds. Yet, a mental model considered as a whole, while continually changing in
detail, may endure in memory in some form for years or decades. The phrase
‘relatively enduring’ means that the term ‘mental model’ should be reserved for
cognitive structures that are stored in a potentially permanent state in long-term

memory rather than for structures that are stored only temporarily (on the order of
seconds or minutes) in short term or working memory.”[119] (p. 17)

While SDM methods are designed for emotional engagement[120-122], several aspects are
rarely mentioned, specifically, how individual interview transcripts can be used to:

e Explore the relationship between individual-level and shared understanding

e Generate and test the validity of qualitative and quantitative models

e Produce visualizations

Therefore, in this work, | seek to develop ways to present results that engage the

subconscious, emotional level on which decision making is based (objective #3).

1.3.2.3 OBJECTIVE #4: ADDRESSING ISSUES OF EMPIRICAL VALIDITY

Formal validation in social science includes tools such as Adjusted R-square in multivariate
regression modeling and Saturation in grounded theory. Researchers use these tools to

determine when sufficient confidence in findings has been attained.

Under SDM, “validation is a gradual process of building confidence in the usefulness of a
model—inherently a social, judgmental, qualitative process: models cannot be proved valid
but can be judged to be so”[100] (p. 454). System Dynamics founder Jay W. Forrester
considered two broad categories of validity: ultimate validity and interim validity. Ultimate
validity can only be assessed when a model is used over time to improve a real system[107] (p.
115,117). Hence, because the goal is for models to be used, the interim goal for validity is
usefulness[100, 123]” and the maxim for validation in SDM is all models are wrong, some are
useful (see Sterman[113] (p. 890) and[10]). The validation tools typically used in SDM are
described in the Methods Chapter.

In MMHSR, empirical validation of qualitative and quantitative findings is expected, but this is
complicated by the paradigm issues discussed above. While SDM validation methods are

designed for validating structure, behavior and culture from both qualitative and quantitative

7 Lane shows that this criteria, specifically “usefulness with respect to some purpose” (p. 184 in Barlas
(1996)), is not just an aim of validation in SDM, but is also considered the end goal in most similar
disciplines.
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viewpoints, the quantitative methods are better developed than the qualitative ones.
Therefore, in this work, | seek to develop a novel set of validation methods that use qualitative
information for validating both qualitative and quantitative system dynamics models

(objective #4).

1.4DISSERTATION OVERVIEW

This section presents an overview of this dissertation. A description of each chapter is

provided, including for the Scoping Study - Appendix C.

Chapter 1 Introduction — This chapter introduced a broad understanding of the problem and
system within which it was found. It also presented the aims and objectives of this research

(see Table 1.2).

Table 1.2 Aims & Objectives of this Dissertation

My theoretical aim is to develop a better theory of primary care transformation (PCT);
specifically, to develop a grounded, dynamic theory of PCT in order to build understanding
of the key structures generating success and failure (objective #1). In meeting this aim, this
research will develop useful theory for anyone engaged in PCT, facilitating improved
transformation. The dissertation relies on the following problem statement:
Primary care transformation has been and continues to be an elusive target. In the
short term, transformation is hard and failure abounds. In the long term, some
practices reach successful transformation. We lack sufficient understanding of the

structure of primary care, and of the policies that can impact this structure.

While the value of the primary care tenets is well understood, current theory lacks an
understanding of the complex interactions between them as well as their interaction within
the system of care already in place. This understanding is necessary in order to realize the

aspirations of health care systems worldwide.

My methodological aim is to select adequate methods, and create new ones when
needed, to understand the dynamics of PCT. In the course of striving to meet this aim, this
work seeks to address outstanding research questions in MMHSR by developing
contributions to SDM methods. This effort involves three more objectives: addressing
paradigm issues (objective #2), presentation of results that engage the subconscious,
emotional level on which decision making is based (objective #3) and addressing issues of

empirical validity (objective #4).
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Appendix C Scoping Study — This appendix identifies and defines the problem in more detail.
It also presents the analysis leading to the selection of system dynamics modeling and leading
to the clarified problem statement and conceptual framework. It is mentioned here (after
Chapter 1) to clarify the sequence of events but it is an appendix (rather than a chapter of the

thesis) because it was preliminary to the SDM work that is the focus of this dissertation.

Chapter 2 Methods — This chapter describes the system dynamics standard methods as well as
the system dynamics methods that | developed. Both are then described in context of this

research (what | did step-by-step).

Chapter 3 Results & Validation — This chapter presents the models developed and the
validation results. The simulation results and the Theoretical Model are also presented.

Finally, meta-level validation results (reflecting on the research process overall) are presented.

Chapter 4 Discussion & Conclusions — This chapter ties together the previous chapters. |
discuss the theoretical and methodological contributions of this work as well as its limitations

and areas for future research.

Figure 1.2 visualizes the flow of this dissertation. Dark-blue rectangles identify chapters.
Light-blue objects identify chapter contents. Arrows show how contents are linked (blue for
links inside the chapter and green for links across chapters). Not shown in this figure are the

other appendices included in this dissertation, namely:

e Appendix A Publications & Presentations Relevant to this Dissertation

e Appendix B Ethical Approvals

e (Appendix C Scoping Study — mentioned above)

e Appendix D Validation Purpose and Types in System Dynamics

e Appendix E Newly-Developed Validation Methods (developed during this research)
e Appendix F Model Revision & Documentation (both quotations and equations)

e Appendix G Behavior & Policy Sensitivity Analysis Summary

This figure is used on each chapter’s title page to orient the reader to the contents of the

chapter as well as how the chapter builds on previous work and leads to the next chapter.
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2.1INTRODUCTION

Miller et al.[124] see the purpose of health services research as explicating the structure of the
healthcare system. Similarly, Stange et al. view the field as “examining the effect of systems
on the structure, process, and outcomes of health care.”[2] (p. 289) This dissertation explores
the structure of the primary care system by developing a white-box, dynamic model —a model
where the purpose is distinct from forecasting (e.g., time-series, regression models) as the

model describes “how the real system actually operates in some aspects”[123] (p. 185).

One of the fundamental features of primary care is its concern for patients’ health over
time[2]. The SDM methods used in this dissertation focus on developing theory around the
qguestion of how the causal relationships in this system interact over time. A simulation model
is developed to enable research into what these interactions mean for policy and decision-
making. In other words, SDM is used to uncover the system structure underlying these
dynamics, and converting what were muddled descriptions into an effectively-specified theory

of the system dynamics of primary care transformation (PCT).

This chapter presents the modeling and validation methods employed. All of the items
referenced in this introduction are defined and described in greater detail in the sections that

follow.
Section 2.1 orients the reader to the overall approach
Section 2.2 defines SDM and describes the standard SDM methods

Section 2.3 describes newly-developed methods created as part of this dissertation
and integrates them with standard SDM methods (for both model development and

validation)

Section 2.4 presents the (standard and newly-developed) methods as they were used

in this dissertation
Section 2.5 summarizes the result of the methods development aim

The methods used in this dissertation are grouped into four phases as presented in Table 2.1
below. For each phase, | list its purpose, as well as the corresponding input and output. This
table begins with the problem definition identified in the scoping study (Appendix C). Phase 1
elicits participants’ mental models® using the semi-structured interview transcripts. CLDs are

produced for each individual participant. In Phase 2, these CLDs are iteratively merged to

8 See Section 1.3.2.2 for the definition of mental model used in SDM and in this dissertation.
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produce a shared mental model which finally becomes the Conceptual Model. Phase 3 uses
the Conceptual Model to build the Simulation Model. Phase 4 uses the Simulation Model to
develop the Theoretical Model and policy recommendations. The Theoretical Model
summarizes my contribution to the theory of primary care — it is my most comprehensive
dynamic hypothesis and the result of my grounded dynamic analysis. There are two cross-
phase steps shown on the right of this table. Throughout this research, the problem
statement (see Section 1.2.3) is improved. Also, at appropriate points along the way,

validation methods are employed to verify results (and make revisions as needed).

Table 2.1 Methods Summary Table

Study Phase Purpose Input Output c
Scoping Problem Definition Mixed Methods Problem Definition & L e o 2
Study Project Data Choice of SDM © 2 € 3
- Los ©
Phase 1 M.ehtaI.ModeI semi Structured Participant CLDs S oS 2| >
Elicitation Interviews 250 9 a
2 oS | @
Develop Conceptual . “ 2ol &
Phase 2 velop ptu Participant CLDs Conceptual Model v & E R A
Model g E 2= 3
Develop Simulati ] ] £ 9 2
Phase 3 evelop Simulation Conceptual Model Simulation Model n'.;, o % Q-
Model 3 g. & 3
. . . . Policy & Theory S = 2
Phase 4 Policy Analysis Simulation Model o

Results

These methods iteratively develop and validate a problem statement and a dynamic
hypothesis. This hypothesis is expressed in the form of models, beginning with CLDs and
culminating in the development of a theoretical model. Model validation can also contribute
to model development when improvements are made. Table 2.2 below presents the models |

developed® and a brief summary of the role each one plays in overall model development.

% Implementing validation tests may results in periodic model revisions, these are labeled accordingly
(e.g., I marked models made during the SMM-S Test as SMM2.1, SMMZ2.2 ... SMMZ2.x; but these are
referred to as SMM2 in this dissertation) — not shown in Table 2.2 above.
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Table 2.2

Model Summary Table

Model name Role in model development
Par;c:ll-clgp;ant The CLDs that were generated; one specific to each individual interview.
Team CLDs, The CLDs that were generated in implementing CLD Combination; one specific to each team
Clinic CLDs and clinic in the model development set of interviews.
SMM1 Shared mental model 1 is the result of CLD Combination. It is the first model that is assumed
to be a shared mental model (i.e., it is the first draft of the dynamic hypothesis).
Shared mental model 2 is the version of the model after modifications made during the
SMM2 Shared Mental Model - Saturation (SMM-S) Test: Do the different clinics agree on the
structure of the system?
SMM3 / Shared mental model 3 is the version of the model after modifications made during the
Conceptual Conceptual Model - Saturation (CM-S) Test: Does an additional clinic agree with SMM2 on
Model the structure of the system? (SMM3 is also referred to as the Conceptual Model).
SIM1 Simulation model 1 is the first quantitative version of the model. It is produced using SMM3
as the blueprint.
Simulation model 2 is the version of the model after modifications made during the
SIM2 Simulation Model - Saturation (SIM-S) Test: Does an additional clinic agree with SIM1 on the
structure and behavior of the system?
Simulation model 3 is the version of the model after policy analysis structures were added to
SIM3
SIM2.
Theoretical It is a visualization of the Simulation Model, bringing together the policy structure diagrams
Model that describe the Simulation Model.

Table 2.3 below places each of these models inside its respective phase of the research.

Model development methods and model validation methods performed within each phase are

also referenced. Newly-developed methods (proposed in this dissertation) are marked with an

asterisk.
Table 2.3 Model Iterations & Validation Methods
study Model Model Validation Methods
Phase Purpose Development Iterations Model Tests Meta-level
Method Tests
Scoping Problem
Study Definition N/A N/A N/A
Mental Purposive Text Participant
Phase 1 Model Analysis CLDs None
Elicitation Mild Pruning
Team CLDs, . 5
Clinic CLDs x &=
Develop cLp SMM1 SMM-S Test* Z3 8 ¢
Phase 2 | Conceptual Combination* SMM2 CM-S Test* ¥ ‘rE 232
Model Pruning SMM3/ Stakeholder Dialogue g' ; 2 g %
Conceptual goo¢©
Model 09 9
Develop Si . SIM1 SDM Standard Methods = E
. . imulation
Phase 3 Simulation Modeling SIM-S Test*
Model SIM2 Stakeholder Dialogue
. SIM3
Phase 4 Policy N/A Theoretical Stakeholder Dialogue
Analysis
Model
* = Newly-developed methods for SDM, proposed in this dissertation.
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Figure 2.1 below presents the sequence of model iterations, progressing from the participant
CLDs to the Theoretical Model. It also indicates where the newly-developed model
development method (CLD Combination) and model validation tests are performed (SMM-S,
CM-S and SIM-S Tests). Other validation methods listed in Table 2.3 above are not shown
here. This figure is used throughout this dissertation to orient the reader to where the model

and/or method being described is located in the sequence (using gray background).

Figure 2.1 Model Progression Sequence
Model Participant | Team CLDs, SMM1 SMM2 CSMMi/ | SIM1 SIM2 SIM3 Theoretical
name CLDs Clinic CLDs O:::g;a Model

Progression of Progression of Simulation

Conceptual Model Model

CLD Combination
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2.2SYSTEM DYNAMICS

This section defines SDM and presents the standard SDM methods for model development
and model validation. These methods are given an in-depth treatment because, in this
chapter, | also describe and justify my newly-developed methods for SDM (Section 2.3). These
descriptions give the reader a necessary foundation to understand my research process
(Section 2.4), and therefore for considering my contributions not only to Aim 1 (theoretical aim

- Section 4.2.1) but also to Aim 2 (methodological aim - Section 4.2.2 through Section 4.2.4).

2.2.1AN ORIENTATION TO SYSTEM DYNAMICS

Dynamic complexity acknowledges that complex systems have component parts, which
interact in ways that produce counterintuitive behaviors[125]. Complex systems are
“dynamic, evolving, and interconnected” (p. 506), resulting in “feedback [loops], time delays
and stocks and flows” (ibid.) that are not understood by typical “static, narrow, and

reductionist” (ibid.) mental models[126].

Humans are unable to mentally infer the dynamic behavior of complex systems[127-132],
which leads to failures in performance in dealing with such systems[130, 133-137]. Thus, a
mental model that accounts for feedback loops, time delays, as well as stocks and flows is

required to understand the behavior of such systems.

SDM attempts to capture the causal structure of complex phenomena, which is understood
best by the stakeholders who experience these phenomena most directly. This is because
these stakeholders’ experiences have impacted their mental models in long-term memory.
These experiences are assumed to imprint elements (i.e., variables, links, delays and feedback

loops) of the causal structure of complex phenomena on mental models[119].

The theory of system dynamics proposes that social systems present evolving behaviors, which
can be explained by “endogenous processes represented by feedback loops, rates, and stock
variables”(i.e., the components of a system dynamics model)[138] (p. 474). It also provides
principles on how these components should be used in constructing models[138]. The
purpose of a system dynamics model is not necessarily to forecast (black-box or correlational
model) but rather to explore how certain aspects of the real system actually operate (white
box or causal-descriptive model)[123]. These models can be used to develop theories, gain

insights, and assist in developing solutions.
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According to the original work on SDM — System Dynamics founder Jay W. Forrester’s book,

Industrial Dynamics, — mathematical models can be useful for building understanding and can

“impart precision to our thinking”[107] (p. 57). Modeling helps to convert subjective mental
data into a more precise but not necessarily more accurate form. Such a model is a bridge
between the subjective realm of “what we believe to be the nature of the system under study”
(ibid., emphasis in original) and the objective realm of numbers. Forrester envisioned the goal
of such SDM studies to be improving mental models by correcting errors in assumptions,
eliminating prejudices, and inconsistencies “with the qualitative nature of the real world”[107]
(p. 58, emphasis in original). As accuracy becomes a goal, the correspondence of model

behavior to numbers in the real system takes on more importance.

Commenting on the use of SDM in public health, Sterman points to three challenges stemming
from complexity, namely that it hinders: generation of, learning from, and implementation of

“i

polices on the basis of evidence![126]. He argues that there are only effects; that “‘side
effects’ are not a feature of reality, but a sign that the boundaries of our mental models are

too narrow, our time horizon too short.”[126] (p. 505)

In brief, SDM is “an iterative process in which the modeler will test a dynamic hypothesis that
represents a feedback theory or causal structure generating a series of behaviors over time
[seen via simulation], allowing the problem actors to learn about the situation, and to design
or redesign their guidance policies”[139] (p. 275, emphasis added). In so doing, a model can
build understanding among participants of how their current mental models contribute to an

important problem[140].

SDM sees complex systems as having a structure that causes the observed behavior (Figure
2.2, solid blue boxes). A problem is identified. A theory is posited for the mechanisms
involved in generating the problematic behavior (dashed box encompassing theory for the
structure producing the observed problem). This theory can be represented via a simulation
model that includes all of the structure needed to endogenously generate the problematic
behavior (dashed box labeled simulation). The simulation model can be used to test the
dynamic hypothesis that the theory posits, providing the needed environment to improve the

theory (dashed box labeled dynamic hypothesis).

10 Generation — for some important public health problems a randomized controlled trial would be
unethical; in others there are ripple effects elsewhere in the system; in yet others there are long time
delays that make it difficult to explore intergenerational effects. Learning — diffusion of innovation
occurs slowly and unevenly. Implementation — Policies often fail when all stakeholders are not included
in their design.
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The SDM research process is designed to be participatory- individuals improve their mental
models (learning) as their ideas are represented in the model (dialogue) and the full range of
dynamic implications of the policies operating in the system is explored (dashed box labeled
dialogue and learning and policy). This description is visualized in Figure 2.2 below.
Throughout this figure, dashed lines mean that these represented aspects may change as

people learn more about the system structure causing the problematic behavior.

Figure 2.2 System Dynamics Modeling
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policy 1| | ] I, 1]
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This figure is adapted from multiple sources[113, 138, 139].

In so doing, SDM adds a level of empowerment, fighting against the belief that “we are
helpless victims of forces that we neither influence nor comprehend”[126]. Simulations
provide a safe place to experiment with different conditions, time delays, interventions, etc.
Extreme condition tests allow for learning more about a system’s structure and dynamics.
People using models to simulate these extreme conditions attain a better understanding of the
system and potential emergencies that may arise without endangering the real system as the
entire experience is simulated. This experience of interacting with the simulation results in

improving one’s mental model.

Health systems are characterized by policy resistance, that is, situations where a policy or
administrative decision, like a particular aspect of PCT designhed to solve a problem, actually
causes the problem to get worse and/or makes it more intractable[126, 141]. By including
these unintended consequences, system dynamics is well-suited to finding and designing
sustainable policy solutions. Policy resistance does not refer to individuals having a resistant
attitude toward a change in policy, but rather it refers to a characteristic of complex systems
where a change in policy changes system behavior, but not as intended by policy-makers[141,
142]. This may be due to the fact that policies intended to improve one aspect of the complex

system will tend to result in sub-optimal levels for other aspects of the system[143].
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2.2.2FROM MODEL TO THEORY - RESEARCH IN SYSTEM DYNAMICS
MODELING

A model is “a tangible aid to imagination and learning, a transitional object to help people
make better sense of a partly understood world”[114] (p. 404). It is something, with which a
stakeholder can interact, to improve their mental model. As expert practitioners in modeling
broadly (and specifically in SDM) use varying terms for describing the purpose of modeling as
well as for the different types of models, Table 2.4 presents the terms used in this dissertation

for the purpose of modeling and for the types of models used, alongside some commonly used

terms.
Table 2.4 Comparison Between Terms in this Thesis and Commonly Used Terms
This Dissertation | Morecroft[114] (p. Lane[105] Oral &
110,442) Kettani[144]
Probl A iati fth M ial
Purpose roblem Problem Articulation .ppre.uatlon of the -ana.gerla
Statement Situation Situation
Conceptual Communicated Conceptual
Model ' Formal Models Conceptual Model Model
Types of Simulation
e  Conceptual Formal Model
Models | Model e Algebrai Formal Model
Theoretical gebralc Theoretical
Model Model

This dissertation presents three types of models: Conceptual, Simulation and Theoretical
models. Both the Conceptual Model and the Simulation Model are formal models. The
Conceptual Model is a visualization of the tensions in the structure of primary care that induce
the diverse transformation trajectories identified in the problem statement. The Simulation
Model is the algebraic representation of those tensions. The Theoretical Model presents a
summary of the understanding gained from this process — it is a simplified visualization of the
Simulation Model. In other words, the chronology of models is: Conceptual Model to

Simulation Model to Theoretical Model.

SDM assumes that the relationship between individuals and context can be disentangled
conceptually such that stakeholders can address important problems. This is done by
developing a dynamic hypothesis based on participants’ stated understanding of the causal
structure of the system behind a given problem. This hypothesis is codified explicitly in both
the conceptual and the simulation models. Simulation identifies the impact of unintended
consequences and the leverage for addressing them. Lane refers to the result as a minor
content theory that is made up of causal relationships between variables complete with units
of measure and measurements[103, 145]. This theory also “makes the concepts and causal

processes identified by problem owners concrete and explicit”[138] (p. 474). These claims are
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concepts that can be tested empirically; thus helping model users to understand what can be

done about a problem and what is beyond control.

In a review of SDM literature, Kopainsky and Luna-Reyes[138] pointed out that, in conceptual
terms, SDM model building and theory building are similar processes: both work on the basis
of iterative improvements. Indeed, in the applied sciences, modeling and theory serve
essentially the same purpose, that is, both seek to better understand phenomena or systems
in order to improve decision-making or action in the area under study[146, 147]. Model
building in SDM can include mathematical approaches where researchers seek to discover
patterns in data, or it can rely entirely on qualitative approaches where stakeholders’ stories
are converted into mental models that are then built into computer simulations[139]. In both
cases, SDM results in simulations to “close the loop in the theory building process”[138] (p.

483).

In the first column, Table 2.5 below identifies the sequence of research steps for applied
theory building as outlined by Lynham[147]. In the second column, this table identifies steps
for SDM[139]. These steps parallel those outlined by Lynham. In the following subsections, |

will describe each step.

Table 2.5 Theory Building & The System Dynamics Methodology
The Research Method for System Dynamics
Applied Theory Building Methodology
Conceptual Development Conceptualization

Problem articulation
Dynamic hypothesis

Operationalization Simulation Phase
Model formulation
(Dis-)confirmation Testing

Model behavior
Model evaluation
Application Implementation
Policy analysis
Use

Continuous refinement and | Iteration*
development of the theory
Note: While system dynamics modelers may differ in the exact terms
used and their segmentation of the steps, the content areas and
their progression are the same.

*- Iteration happens within steps as well as within a project and
across projects. The point is models are continuously developed and
then brought back to stakeholders or raw data for improvement.
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2.2.2.1 CONCEPTUALIZATION

Conceptualization consists of generating a problem statement and dynamic hypothesis.

2.2.2.1.1 PROBLEM DEFINITION

A problem statement is drafted, which focuses subsequent work such that a system boundary
is made clear—including the necessary elements (variables, links, delays and feedbacks), the
appropriate time scale, and sufficient details so that the problem under investigation is
endogenously produced. Without this, a model can quickly become a messy diagram that can

overwhelm policy makers without adding value.

Sweeney et al.[148] recommend thinking purposefully when choosing the time horizon for the
analysis. They also emphasize the importance of defining the problem context and audience.
Defining these elements differently will likely change the variables to include or exclude (i.e.,
model boundary) and thus produce a different result. Sterman[113] (p. 86) recommends the

following questions to consider:

e  What is the key problem?

e What are the key concepts and system variables?

e What s the time horizon?

e What happened to these concepts/variables in the past? What is likely to happen to

these concepts/variables in the future? (these are known as Reference Modes)

For example, we may be interested in the functioning of a primary care clinic. If we are
interested in patient flow within the clinic, we may focus on a workday. If we are interested in
how that clinic’s care management program impacts readmissions, we may focus on a week to
a month. If we are interested in patient behavior change efforts, we may focus on three
months to one year. The audience may be the clinic staff, but it could also be the clinic

management or the regional policy-maker.

To develop the problem statement, a review of the relevant literature should first be
conducted to better understand the problem under investigation. Also, discussions with
stakeholders can provide added direction and clarity. In order to represent stakeholder
perspectives in a balanced manner, a systematic method can be used to select key

participants[149, 150].
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2.2.2.1.2 DYNAMIC HYPOTHESIS

The articulated problem guides the modeler in formulating a dynamic hypothesis that explains
the problem behavior as being endogenously produced via feedback structures among key

system variables[113] (p. 86). Methods for formulating a dynamic hypothesis include:

e Interacting with the client to build visualizations of the dynamic hypothesis based on
the client’s mental model[113] (p. 80-81)

e Holding group model building sessions where stakeholders are engaged in the
development of the visualizations[114] (p. 112)[151]

e Analyzing existing qualitative data (e.g., meeting transcripts)[117]
These methods are also used for eliciting simulation model insights (Section 2.2.2.2).

The specific method chosen depends upon the data and resources available and skills/comfort
level of the researcher. The key to identifying dynamically important information is not in how
the original source was generated, but in the skill of the researcher to recognize when a

system structure exhibits the signs of feedbacks, time delays and nonlinearities.

For example, purposive text analysis utilizes existing text (or it can be used to analyze newly-
generated text)[117] while one-on-one and group model building require interaction with
stakeholders[152]. Purposive text analysis relies heavily upon qualitative analysis skills
whereas one-on-one and group model building relies heavily upon interviewing and group
facilitation skills. One-on-one model building may better capture minority thoughts whereas
group model building relies upon skillfully crafted groups and real-time facilitation to protect
the minority’s comfort level with sharing thoughts. If there is a need to build a shared

understanding of the system, then group model building process will lead to a better result.

One way to map a dynamic hypothesis is with the use of a Causal Loop Diagram (CLD)*[113]
(p.28-29)[118, 153, 154]. A CLD is one way of visualizing the causal linkages in a system[155].
They function as an early step toward developing a dynamic hypothesis, or a summary of one’s
dynamic hypothesis from a simulation model[121]. . The dynamic hypothesis could represent

a theory, an individual’s mental model, a group’s (shared or not shared) understanding.

1 There has been disagreement among US-based (e.g., Doyle and Sterman) and UK-based SDM
researchers (e.g., Lane) regarding whether or not system dynamics models used to represent mental
models in general (and CLDs by implication) are equivalent to, or a form of, cognitive map. | use the
term CLD for CLD representations of peoples’ and groups’ mental models.
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CLDs are one of many tools used for mapping causal structure[156]. Others include: model
boundary diagrams, sector maps?*?, stock and flow diagrams, and policy structure

diagrams[113] (p. 86,97-102).

As CLDs are used in this dissertation, below, | present the way to read them. For additional

information, please see, for example, Tomoaia-Cotisel et al.[154].
Variables identify system components[113] (p. 152).

Arrows link variables to indicate a cause-effect relationship. Each arrow has a polarity
to show the nature of the causal relationship (denoted by a plus or minus sign at the
arrow head). Polarity between two variables describes the relationship between
changes in those variables where all other variables in the system are held constant.
When time delays exist between cause and effect variables, they are marked by a

double line crossing the stem of the arrow[113, 115] (p.138-139).

Causal relationships among variables can create two types of feedback loops.

Reinforcing (R) loops describe a positive feedback process where the loop generates a
self-reinforcing behavior—as in a vicious cycle or a virtuous cycle. Balancing (B) loops
describe a negative feedback process where the loop generates a self-correcting, goal-
seeking, or stabilizing behavior. The rate of change decreases over time, and the loop

brings the system to an equilibrium[113] (p.138-139).

Figure 2.3 presents a hypothetical CLD with two reinforcing loops and one balancing loop with

a delay.
Figure 2.3 A Causal Loop Diagram
+
A"_\r/\E ]
/(+ \
- D
+

12 Also referred to as subsystem diagrams.
61



2.2.2.2 SIMULATION MODEL

A simulation model*® is “an inference engine to diagnose performance problems; a virtual
world to experience dynamic complexity and stimulate imagination; and a laboratory to design
and test new policies and strategies”[114] (p. 89, emphasis added). Simulation model
formulation involves “positing a detailed structure and selecting the parameter values”[139]
(p. 276) for the problem of interest. This is done using the dynamic hypothesis and
operational thinking — focusing on “how things really work... [rather than on] how things would
theoretically work, or how one might fashion a bit of algebra capable of generating realistic-
looking output”[157] (p. 127) — as well as additional insights from those experiencing the

problem.

Methods for eliciting these insights are similar to those presented for formulating a dynamic
hypothesis (Section 2.2.2.1.2 above). The difference is that this time, the methods are focused
on the simulation model rather than on visualizations of the dynamic hypothesis

(corresponding emphasis added below):

e Interacting with the client to acquire data, ask clarifying questions (e.g., to build table
functions, clarify structural flaws uncovered in the model building process)[113] (p.
585-595)

e Holding group model building session where stakeholders are engaged in the
development of the simulation model[114] (p. 112)[151]

e Analyzing existing qualitative data (e.g., meeting transcripts)[117]

Stock and flow diagrams communicate the detailed structure of SDM simulation models.
Whereas CLDs emphasize feedback structures, stock and flow diagrams emphasize the physical
structure: tracking accumulations (termed ‘stocks’, ‘levels’ or ‘states’) and how they move
through the system (termed ‘flows’ or ‘rates’)[113] (p. 102). Two additional types of variables
are used in stock and flow diagrams: auxiliary variables represent calculations and constants
bring in information from outside the system. Finally, stock and flow diagrams are converted
into stock and flow models using “friendly algebra”[114] (p. 84, 115). There are two types of
equations: stock equations calculating the change in the stocks, and decision functions**
calculating what changes to make to those stocks based on information which is taken in from

across the current values of the stocks. These range in complexity from “a simple equation”

13 This term is lower case when referring to simulation models generally. It is capitalized when
specifically referring to the final simulation model (SIM 2 or SIM 3) developed in this dissertation.
14 The term decision function is used interchangeably with the terms policy function and operating
policies in system dynamics and in this dissertation.
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(p. 69) to “a long and elaborate sequence of computations that progresses through the

evaluation of a number of intermediate concepts”[107] (ibid.).

As stock and flow diagrams are used heavily in this dissertation, below, | present the way to

read them.

Figure 2.4 below presents a hypothetical stock and flow structure for the number of medical
assistants employed in a clinic. The stock Number of MAs tracks the accumulation of medical
assistants (MAs) over time. At any one point in time, it holds the number of MAs currently
employed. Flowing in are newly hired MAs. Flowing out are MAs that are leaving the
organization (i.e., turnover). On the left, the organization desires to have 10 MAs. It monitors
the number of MAs and when it is below the desired level, it initiates the hiring process. On
the right, a measure is found for how much the MAs desire to leave their employment. Both
flows have an adjustment time; that is the amount of time it takes the organization to hire
MAs (for the inflow) and the amount of time it takes for MAs to depart (for the outflow).
Where MAs come from before they are hired (source) and where MAs go after they leave the
clinic (sink) are outside the model boundary; therefore, they are represented by clouds. The
equations for this structure are presented in Box 2.1 with units in red, inside parentheses (e.g.,

(MAs)). In the equations, dt represents the time step.

Figure 2.4 Hypothetical Stock and Flow Diagram for MA Workforce
Key
Desired number Proportion of MAs Stock
f MAS desiring to leave
© MA workforce MA workforce
sought wanting to leave
\ / \ => Flow
o X = Number of MAs X i X Valve
Hiring of MAs Turnover of o Source or Sink
/A MAs
Adjustment time Adjustment time for
to hire MAs MAs to leave

Box 2.1 Equations Corresponding to Figure 2.4

Stock
Number of MAs (MAs) = f [hiring of MA - turnover of MA] dt
Initial value = 10
Flows
Hiring of MAs (MAs/Month) = MA workforce sought / adjustment time to hire MAs
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SDM uses diagrams to visually communicate the essential parts of a simulation model. Policy

structure diagrams “focus on operating policies and strip away all the underlying formulational

detail”[114] (p.162). Operating policies® are visually represented as “a large circle with

information inputs and outputs” and include two types: one “that interprets information and

hands it on to other parts of the [system]” and another that “subsumes a flow rate where a

decision-making process ... leads to action”[114] (p. 162-163). As Chapter 3 uses these

diagrams to walk through the simulation model as well as to present the Theoretical Model, |

present an example in this section. Figure 2.5 below has both types of operating policies: (1)

those transforming and passing information (“Comprehensiveness (Desired Adherence)” and

“Workload Ratio”) and (2) those leading to action (“Task Shedding”).

Figure 2.5 Hypothetical Policy Structure Diagram for MA-only Tasks

Comprehensiveness

(Desired Adherence

\

Workload
Ratio

inflow of MA Only
tasks

Backlog of MA Only
Tasks 73

MA Only tasks
completed by MA

Task
Shedding

15 The term decision function is used interchangeably with the terms policy function and operating
policies in system dynamics and in this dissertation.
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2.2.2.3 MODEL TESTING & VALIDATION

“The presumption of model significance rests on two foundations. Primarily,
confidence depends on how acceptable the model is as a representation of the
separate organizational and decision-making details of the actual system. Secondarily,
confidence is confirmed by the correspondence of total model behavior to that of the
actual system.” Industrial Dynamics[107] (p. 117, emphasis added)

Under SDM, “validation is a gradual process of building confidence in the usefulness of a
model—inherently a social, judgmental, qualitative process: models cannot be proved valid
but can be judged to be so”[100] (p. 454). The social aspect involves developing a model that
stakeholders as a group find acceptable because they agree that it is useful. Stakeholder
agreement on usefulness is the goal, not absolute truth[158]. As Richardson & Pugh explain,
validation in SDM is also a process: “an ongoing mix of activities embedded throughout the

iterative model building process”[159] (p. 311).

Figure 2.6 below illustrates the different aspects of an SDM study requiring validation (the
yellow text), using a basic view of the increasingly narrow problem definition as one moves
(from left to right) from the real world to the quantitative simulation model and of the
increasing understanding along the way (the building understanding box becomes lighter).
There is a model building process from left to right, where on the right, one reaches the
maximal understanding via simulation approximating system behavior. In that model building
process, it is imperative to validate along the way?®® so as not to carry forward an early mistake
and so as to build confidence in the model (and thus the understanding that it generates). The
only equal sign in the figure is that from model structure to model behavior. The other links
between yellow phrases are shown via an approximation symbol (the squiggly equal sign).
Each time this symbol is used, there is a need for validation that the approximation made

between the two sides of the sign is sufficiently good.

16 See Table 2.6 and Table 2.10 for validation tests that can be implemented. See Table 2.9 and Table
2.11 for how these tests contribute to different types of validity.
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Figure 2.6 Validation is Embedded Throughout the SDM Research Process
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This figure was developed based upon my reading of works on SDM’s theory of validation[100, 105, 107, 123, 160] (p.115-129).
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White-box models like SDM models are causal-descriptive rather than correlational, meaning
that they “are statements as to how real systems actually operate in some aspects... [each is] a
‘theory’ about the real system [and] must not only reproduce/predict its behavior but also
explain how the behavior is generated...”[123] (p. 185). Therefore, both structural and

behavioral tests are necessary to validate the model.

Table 2.6 below presents a list of tests commonly used in SDM model validation. These tests
are not necessarily mutually exclusive. Furthermore, not all of them have to be performed.
There is not an order of importance for the validation tests. Questions such as how do

research teams choose to stop changing the model[161], how many tests are performed, how

are the tests chosen, and when and how the results are reported are still unanswered in
SDM[162] and in modeling broadly[163]. Nevertheless, typically, modelers select a battery of
validation tests from the list in Table 2.6 below, presumably until they are sufficiently
confident in the model and its usefulness that they choose to stop changing the model
structure (and/or when time or money run out)[123, 161, 164]. The most common tests for
studies with numerical data are the Structure Confirmation - Theoretical, Mode Reproduction
Ability, and Behavior Sensitivity tests. For studies, like this one, where over-time numerical
data are not available, the Extreme Policy, Structure Boundary Adequacy and Extreme

Conditions in Equations tests are used most [162].

For each test, a definition is also provided. This table is adapted from Table 1 provided in
Lane[105]. Test names were modified to reflect both Lane’s[105] and Barlas’s[123] list of
tests. These lists compile tests developed and described in numerous other sources[146, 165,
166]. Newer texts refer to these same tests[114] (p. 441)[113] (p. 858-861). Table 2.6, Table
2.7, Table 2.9 and Section 2.3.2 Model Validation below provide explanations of what these

tests mean.
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Table 2.6 Model Validation Tests as used in the SDM Standard Method

Name of test

Definition[123] (p. 189-195)} and[105] (p. 123)

Parameter Confirmation - Theoretical

“Evaluating the constant parameters ... [against generalized knowledge about the system that exists in the literature] both
conceptually and numerically.”[123]

Parameter Confirmation - Empirical

“Evaluating the constant parameters against knowledge [obtained directly from] the real system, both conceptually and
numerically.”[123]

Structure Confirmation - Empirical

“Comparing the model structure with information (quantitative or qualitative) obtained directly from the real system being
modeled.”[123]

Structure Confirmation - Theoretical

“Comparing the model structure with ... [generalized knowledge about the system that exists in the literature].“[123]

Behavior Reproduction

“Does the [simulation model’s] behavior match any historical data and/or the reference mode?”[105]

Extreme Policy

“When policies are pushed to extremes, are the [simulation model’s] behaviors reasonable?”[105]

Mode Reproduction Ability

“With different past policies, does the [simulation model] yield behaviors consistent with other [examples] of the system”[105]

Behavior Prediction

“Does [simulation model] reproduce the anticipated behavior in future/hypothetical situations?”[105]

Anomalous/Surprise Behavior

“Have odd behaviors been studied to show that either: 1) they are anomalous, needing [simulation model] corrections to
remove them? [or] 2) the [simulation model] yields insights into a previously unrecognized mode?”[105]

Perspectives Boundary Adequacy

“Do the models support debate on different perspectives in the [Problem Statement] concerning: 1) choice of modelling
approach used? 2) System dynamics issue addressed? 3) Goals to be achieved? [and] 4) Policies for doing so?”[105]

Structure Boundary Adequacy

“Do the models contain sufficient and appropriate variables, policies and feedback loops to address the issue that they are being
built to study?”[105]

Dimensional Consistency

“Checking the right-hand side and left-hand side of each equation for dimensional consistency”[123]

Extreme conditions in equations

“Are the outputs of policies reasonable if [simulation model] inputs take extreme values?”[105]

Behavior Sensitivity

“Are the previous behavior tests compromised by the plausible changes in parameter values?”[105]

Behavior Boundary
Adequacy/Structure Sensitivity

“Does the [simulation model] contain sufficient and appropriate variables, policies and feedback loops to address the issue when
this is tested by adding new pieces of relevant structure and examining the resulting behavior?”[105]

Policy Sensitivity

“Are the suggested [policies and recommendations] robust to plausible parameter changes?”[105]

Policy Boundary Adequacy

“Does the addition of more possibly relevant structure change the [policies and recommendations]?”[105]

Norms/Values Boundary Adequacy

“Do the models support debate concerning, and represent the behavior of the relevant actors': 1) goals (are the desired states
acceptable?) 2) Policies (are the actions based on discrepancies between goal and actual conditions acceptable within the
culture?)”[105]

Roles Boundary Adequacy

“Are the feedback links in the models consistent with the abilities of current actors in the system to access, interpret and employ
information?”[105]
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Forrester considered two potential sources of validity for SDM research: ultimate validity and
interim validity. Ultimate validity can only be assessed when a model is used over time to
improve a real system[107] (p. 115,117). Hence, because the goal is for models to be used, or,
to have “usefulness with respect to some purpose”[123] (p. 184), the interim goal for validity
in SDM is usefulness. The maxim for validation in SDM is all models are wrong, some are

useful[113] (p. 890)[10].

Interim validity is assessed in an iterative process: first, validate structure, then validate
behavior. Validation both follows and initiates further model development. If a model passes
structure tests, but fails behavior tests, then the structure needs to be changed, initiating

additional structure testing.

| acknowledge that the term validation brings with it a non-trivial degree of controversy within
(as well as outside) the field of system dynamics. There is an emerging preference on the part
of some system dynamicists to use the term verification instead[167, 168]. This dissertation
uses the term validation as it is accepted in system dynamics and also more broadly

understood by the health services research audience.

2.2.2.4IMPLEMENTATION

The goal of the SDM modeling-validation process is to develop a model for use. Goals for
models are that they be ones which stakeholders can have confidence in and which can be
used and evaluated/improved over time. The use of SDM models is to identify policies which

will plausibly address the problem or situation in the most important ways.

Now that model validation tests are completed and one is comfortable moving forward by
using the model to gain understanding, research activities shift to identifying, creating the
structure for, and running the model for various policy changes and environmental (external)
conditions. Specifically, after the researcher identifies “consistent stories about alternative
futures” that might arise as well as policies that could be implemented, the researcher creates
model structure to incorporate these system changes into the model[114] (p. 272). Next,
what-if scenarios are run to see the effect of each policy in isolation. Sensitivity analysis is run
to test the robustness of each policy recommendation to different scenarios and uncertainties.
Then, policies are run in tandem to see the impact of policy interactions (e.g., synergy)[113] (p.

86).

69



2.3NEWLY-DEVELOPED METHODS FOR SYSTEM DYNAMICS
MODELING IN THIS DISSERTATION

Kopainsky and Luna-Reyes[138] explored the relationship between system dynamics and
theory building. They began with a review of papers published in the System Dynamics Review
between 2003 and 2006 (20% of all issues of that journal up to that time). They found that
three fourths of model-based papers report only on the mathematical formulations in their
simulation models, without documenting data collection and analysis methods on which those
formulations are based. The authors concluded from this review that there is room for
improvement in adequately grounding model structure in data. Next, they compared the
theory-building process of SDM with those of case study research and grounded theory. Their
recommendation for future work in SDM was to use a “rigorous process for the identification
of concepts and relationships among them, that is, for the formulation of the dynamic
hypothesis” and to develop methods for “integrating findings from different cases into a more

general theory of an important and recurring problem”[138] (p. 482).

In the course of developing a grounded, dynamic theory of primary care transformation (PCT),
| also developed new SDM methods for both integrating findings across cases (see Section
2.3.1) and a rigorous process for formulating a dynamic hypothesis (see Section 2.3.2). They
were developed to address needs of this research, and are designed to be used in concert with

the SDM Standard Method.

Materials on the conceptual basis of formal methods of systems thinking and SDM[107, 113,
169] were useful for designing model development methods. For research requiring the
design or improvement of formal validation tools in SDM, Barlas[123] recommends comparing
the formal validation tools and typical process presented in that work to the work presented in
Lane[105] for SDM practitioners involved in many different types of SDM activities. Both
articles compile previous work in simulation modeling and validation, broadly across modeling
disciplines as well as in SDM. Both were useful in designing and assessing the model validation

methods that are presented here.

This research utilizes interview data that was gathered using the purposive sampling and
oversampling techniques?” in order to ensure that the interviews would provide sufficient

information on the complex problem of PCT (see Section 2.4.2).

17 Note: | did not develop these methods.
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Purposive sampling involves using a sample that selects participants based on important
characteristics[170]. This approach requires the involvement of “those closest to the process”,
in this case HSDO management staff, to guide sample selection[171] (p. 171). The goal is to
select “useful samples for learning about process performance and the impact of changes over
time” (p. 175). These samples aim to maximize the diversity of perspectives on “the fragments

of experience we are most interested in” (p. 172)[171].

| apply the term oversampling to indicate that, while typically qualitative studies use a sample

of less than 50 interviews[172]), | conducted 82 interviews. The aim in selecting this sample

size was to complement purposive sampling by more fully capturing the diversity of
perspectives on PCT, in the hope of ensuring saturation: “the point of diminishing return
where increasing the sample size no longer contributes to new evidence”[172] (p. 83, 107) by

sampling well beyond that point (albeit in a non-probabilistic way).

Each of these interviews was then transcribed providing what is known in SDM as a mental
database. This mental database included interviews from participants working across a range
of clinic environments, expressing divergent attitudes toward the process and concept of PCT
and representing a range of clinician practice types. These participants included managerial
staff and clinical staff: the clinicians, and MAs. The scoping study (Appendix C) identified these
two stakeholder types as being the best source of data®® on the problem of interest. This

finding served to reduce the scope of the mental database to clinical professions.

| subsequently segmented the interview database into those set aside for model development
(consisting of the interviews from 80% of the clinics in the database) and those set aside for

model validation (consisting of the interviews from the remaining 20% of clinics). Within each
group, there is also a saturation reserve (3 clinics for model development and 1 for validation).
Should more information be needed to complete model development or model validation, the

saturation reserve interviews could be consulted.

The interviews provided a rich mental database to draw from for eliciting mental models from
text, with sufficient sample size to enable segmenting of clinical staff interviews for model
development and validation purposes. This section first presents a new method for model
development called CLD Combination, with accompanying rationale. Second, it presents the

methods for model validation, with accompanying rationale.

18 This decision is verified in Phase 2, by including interviews from the next hierarchical level of the
HSDO (managers) in validation.
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2.3.1MODEL DEVELOPMENT

2.3.1.1 RATIONALE FOR NEW MODEL DEVELOPMENT METHODS

In his book Industrial Dynamics[107], Forrester admonishes the reader that the work of

selecting and linking variables in equations is the most important part of SDM, after setting
model boundaries. The reader is cautioned that this task is not only important, but it is also
the most difficult aspect of the SDM methodology. While simple equations may be used to
calculate “the inherent results of the physical state of the system”, formulating equations
becomes more difficult when they represent decision functions® — where information is
brought together in the mind of a decision-maker and important decisions are made[107] (p.
118). Forrester informs the reader that the information for decision functions is found in
descriptive, informal sources and includes policies that may not have ever been documented

before.

The difficulty in formulating these equations comes from two sources: the difficulty of
formulating mathematical equations to describe complex processes and the difficulty of
eliciting the necessary information to represent decisions. Even so, Peterson and
Eberlein[111] observe that the SDM literature fails to articulate the procedures for how
equations should be formulated, including decision functions. The process is described as one
of trial and error where a researcher guesses at equations relying on “unconscious or intuitive
leaps to achieve a trial equation” (p. 172) after which a draft simulation model is improved by
trial and error “until time runs out or satisfactory behavior is achieved” (p. 161)[111]. As
writing equations in SDM involves a leap from stories to numbers, it is one of the key ways
that SDM proposes to integrate qualitative and quantitative methods; yet it is still unclear how

it is done.

Efforts to address this issue have resulted in textbooks with clear, formal guidance for naming
variables, visualizing relationships and drawing table functions[113] (p. 585-595)[114] (p. 228-
231) as well as methodological works which provide guidance on the associated group
facilitation methods[151]and on formal techniques for documenting model development using

text sources[116, 117, 173]. How should the different perspectives on causality be treated?

According to Lane, the process of resolving diverse perspectives into a model of shared
cognition remains unclear in the formal SDM methodology[105, 106] (and in related fields as

well[174]).

1% The term decision function is used interchangeably with the terms policy function and operating
policies in system dynamics and in this dissertation.
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In order to develop and validate the models used in this dissertation, | needed to clarify the
steps that are used in SDM for developing decision functions from raw descriptive data (in my
case, from interview transcripts). This dissertation is attempting to access the understanding
of complex phenomena in PCT, which exists in mental models of stakeholders who experience
them most directly: clinicians and MAs involved in PCT. It is assumed that, in their interviews,
they have provided the information necessary for accessing this understanding. This is
because their experience with PCT has impacted their mental models in long-term memory,
which they accessed during the semi-structured interview process. The newly-developed
method presented in the next section provides one rational way of integrating these

perspectives.
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2.3.1.2 CAUSAL LOOP DIAGRAM COMBINATION

. Team SMM3 / .
Model Participant - Theoretical
CLDs, Clinic| \ SMM1 SMM2 [ Conceptual SIM1 SIM2 SIM3
name CLDs Model
CLDs Model

This dissertation utilized a new method for model development. Because it is a method for
merging causal loop diagrams, it is called CLD Combination. CLD Combination begins with a
distinct CLD for each interview, including only the variables and links that were mentioned by

that participant. CLDs are combined, two at a time, until one CLD is produced.

In this dissertation, the term shared mental model (SMM) is reserved for this level of
abstraction — the aggregated understanding obtained from combining individual mental
models assuming that the resulting cognitive structure could be obtained from any individual
when specifically and appropriately probed. In other words, the term shared mental model is
used for the CLD at highest level of aggregation — not because all participants explicitly identify
the same structural elements but because it is assumed that, as practitioners with deep
experience in PCT, they have access to the entire understanding in the shared mental model

even though they only drew on parts of it during the semi-structured interview.

Once validated (procedures described later in this chapter), the shared mental model becomes
the Conceptual Mode?’l. This model serves as the blueprint for developing the simulation
model, representing the system structures at play as described by those practicing within
them. It is assumed that system participants have the best available understanding of the
structure of the system. What is lacking is not new or better information but combining these
stakeholder understandings. This approach is in accordance with the spirit of the original SDM

methodology as laid out in Forrester’s book, Industrial Dynamics:

“Industrial dynamics models are built on the same information and evidence used for
the manager’s usual mental model of the management process. The power of
industrial dynamics models does not come from access to better information than the
manager has. Their power lies in their ability to use more of the same information and
to portray more usefully its implications.”[107] (p. 117)

Preparing® CLDs for CLD Combination involves: coding the interviews, creating corresponding
CLDs, mildly pruning® each CLD, and, finally, revising the variable names so that the same

variable has the same name across CLDs.

20 This term is capitalized when referring to the specific conceptual model developed in this dissertation.
21 See Section 2.4.3 for details on the preparatory process.
22 Mild pruning: keep delays and any feedbacks. Full pruning: keep only feedbacks of at least 3 links.

74



In this preparatory process, the same concepts (i.e., the variables and the relationships
between variables) are considered repeatedly. My learning in earlier CLDs influenced later
interpretations. For example, the later CLDs used more consistent variable names than earlier
ones. Prior to CLD Combination, all CLDs were reviewed and variable names were updated to

reflect the same variable name when the same concept was represented across CLDs.

CLD Combination involves ordering the CLDs (for combining) using criteria that correspond to
individual interviews in some logical way. In this research, participants interviewed were all
part of one Health Service Delivery Organization (HSDO). Two or more clinicians were
interviewed in each clinic. Those clinicians worked on separate teams. For each clinician, one
MA from their team was also interviewed. These organizational affiliations (team, clinic,
HSDO) were used as the logical criteria for CLD Combination: CLDs corresponding to individual
interviews were combined into Team CLDs; then these Team CLDs were combined into Clinic
CLDs; and, finally, Clinic CLDs were combined into one HSDO CLD. In so doing, the process of
CLD Combination develops a shared mental model representing the causal mechanisms as

described in the interviews.

Comparison is an important task in all stages of CLD Combination. | started with the most
detailed CLD and revised it by comparing it with the next most detailed CLD. When two CLDs
are combined and all differences are complementary, a simple additive process of CLD
Combination is possible as shown in Figure 2.7 below. For example, if Participant #1 identified
feedback loop A>B—->C—>A and Participant #2 identified feedback loop C>D—>E->C as well as

a delay for D> B, the combined CLD would have all of these structures.

Figure 2.7 CLD Combination — Addition

Participant #1 Participant #2 Additive CLD Combination

SN
N

Sometimes the differences are not complementary and a decision must be made about which

+
+

+ @-

one is more accurate. Inthese cases, the result of comparing the different understandings
from the CLDs was that | improved my understanding of the concepts in question and a more

accurate description of system structure emerged in the combined CLD. One practice |

75



employed was to select the more detailed understanding of a particular system structure, as
shown in Figure 2.8 below. For example, if Participant #1 identified feedback loop
A—>B—>C~>A and Participant #2 identified feedback loop A>B—>A, the combined CLD would
have the structure A>B>C2>A.

Figure 2.8 CLD Combination — Selection
Participant #1 Participant #3 Resulting CLD Combination
+ + +
A A A

Furthermore, there are times when a participant provides a lot of detail complexity that does

not add to the dynamic complexity. While useful in understanding what that particular
concept entails, it is not useful in generating the CLD or the simulation model. In these
instances, the additional detail complexity was merged into a variable name that could
encompass the various details given. For example: interviews saw each MA skill as a
potentially interesting phenomenon on its own. This was part of the search for the must-have
elements of Patient-Centered Medical Home. Representing each skill separately added little
value to CLDs since their place on the CLD was all the same. None of them explained a new
causal mechanism from the rest. Therefore, it was conceptually the same to aggregate them

as MA Capabilities. A generic example is presented in Figure 2.9 below.

Figure 2.9 CLD Combination — Merging Variables Providing Detail Complexity

Participant #4 Participant #5 Resulting CLD Combination

+

A A
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+ H *
where F, G, H are all
different examples of “B”

where B is a more general
concept that encompasses F,
G, H, J,and K

where J, K, H are all different
examples of “B”

76



In the final level of CLD Combination, CLDs are merged into a shared mental model for all
participants interviewed. Unlike previous combinations that relied upon mild pruning, this
time full pruning is implemented (Yearworth’s rule regarding only keeping feedback loops with
three links was enforced[116]). In this dissertation, this final level involved combing the clinic

CLDs into the HSDO CLD (i.e., the shared mental model).

By following these rules, all stakeholder perspectives are valued equally. Participant
characteristics (e.g., being the clinician rather than the MA, having a longer tenure at the
organization) did not influence which system structure was chosen. In the example just given,
the more detailed causal mechanism is used in the resulting CLD, irrespective of which
participant gave each description. Elements and boundaries which were exposed and defined
in purposive text analysis of individual interviews represent findings from participants with
different perspectives as well as different behaviors. In CLD Combination, the different
perspectives on the structure of the underlying system are now compared, iteratively. With
each comparison, more generic model structures are distilled, simplifying/aggregating
structures when appropriate and choosing the more detailed structure when structures
conflict. This method results in the definition of the elements and boundaries of the shared

mental model.
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2.3.2MODEL VALIDATION

Newly-developed model validation methods in this dissertation are based on the SDM practice
of Reflective Modeling, where the modeler/researcher subjects the model to testing in order
to “uncover flaws and hidden assumptions, challenge preconceptions, and expose

assumptions for critique and improvement”[113] (p. 858).

In order to better understand my methods, an in-depth treatment of validation is provided in
Appendix D; here | present a summary. Then, the rationale for these new validation methods
is presented. Finally, the newly-developed model validation methods are described.
Barlas[123] recommends considering Lane[105] in designing new validation methods.
Therefore, as | present the validation overview, rationale, and newly-developed validation

methods, | draw heavily from this source.
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2.3.2.1 VALIDITY TYPES SUMMARY

The validity types are the goals of model testing. The validity types considered in SDM
literature[105] are presented in Table 2.7 below: conceptual, formulational, experimental, and
data validity. For each type, the corresponding subtypes (column two) and proposed short
names (column three) are also listed. In the last two columns, | mark whether the subtype is
one of my newly-proposed subtypes (i.e., proposed as part of this dissertation) or whether it

has a newly-extended definition in this dissertation.

Table 2.7 Summary of Validity Types and Subtypes
Validity Types | Subtype | Short name :::?t’::zd E’:;:;:;dn
CptV1l Variables & boundaries X
Conceptual Cptv2 Links X
Validity Cptv3 Saturation X
Cptva Culture X
FvV1 Language limitations X
flc;:‘ir;\it::,ational FV2 Conceptual equals simulation
FV3 SDM guidelines X
Experimental | EV1 Structural design
Validity EV2 Insights gained
DV1 Mental data X
S:Iti?iity DV2 Written data X
DV3 Numerical data X

| developed brief definitions for each of the validity subtypes, based on relevant literature (see
Appendix D for more detail). | present these in Table 2.8 below. Underlined text calls out the

key concepts which inform the short names for each subtype.

Table 2.9 below presents the validity tests previously presented in Table 2.6 above, now also
including their objectives, focus and type of validity gained. This table is adapted from Table 1
provided in Lane[105]. Test names were modified to reflect both Lane and Barlas’s lists of
tests[105, 123]. CptV and DV subtypes are collapsed?, as they are conceptualized by
Lane[105]. The Structure Confirmation — Empirical test has an “o” for FV1 and DV (specifically
DV 1 and 2). While not in Lane[105], as described above, | believe that these additions are

warranted.

23 A version that disaggregates CptV and DV is provided in Table 2.11 below.
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Table 2.8 Validity Types, Subtypes & Their Definitions
Validity
Subtype | Short name Subtype Definitions
Types yp yp
CptVl Variables & boundaries Concerns the extent to which the variables and boundaries in the model are well-developed and validated.
© Cptv2 Links Concerns the extent to which the relationships (i.e., links) in the model are well-established and validated.
2 - , -
o 2 CptV3 Saturation Concerns the extent to which new and relevant data regarding the elements in the model have ceased to emerge.
QO T
S% Concerns the extent to which the relevant actors feel that the cultural aspects of the research are addressed (i.e., cultural
S S | Cptva Culture 0 Lo .
acceptability, bounded rationality, and non-coercive approach).
S Concerns the extent to which the limitations of language impacted the development of the simulation model (i.e., have
FvV1 Language limitations . . . . . .
_ concepts in the conceptual model been omitted or distorted in this translational process?).
e Concerns the extent to which the simulation model is shown to be consistent with the structure and behavior described in
K= Conceptual equals A . . . .
= FV2 simulation the conceptual model and problem statement (i.e., is there a satisfactory representativeness between the simulation and the
E g conceptual understanding?).
L= s Concerns the extent to which the simulation model conforms to SDM construction guidelines (e.g., not having artificial
e S Fv3 SDM guidelines . . ' .
min/max functions to fix a bug in the model).
. Concerns the design and carrying out of simulation runs to test the structural design of the model (i.e., the trial and error of
£ >| EV1 Structural design . .
t_ £ equation writing referred to by Peterson[111]).
8 *g 5 . . Concerns the usefulness, accuracy, and robustness of the insight gained from simulation model runs (i.e., the model’s ability
S S5 S|EV2 Insights gained .
to adequately reproduce real-world behavior).
- DV1 Mental data Concerns the extent to which the mental data is reliable/appropriate, accessible and sufficient.
]
s 3 DV2 Written data Concerns the extent to which the written data is reliable/appropriate, accessible, and sufficient.
©
Qs DV3 Numerical data Concerns the extent to which the numeric data is reliable/appropriate, accessible, and sufficient.
NOTE: These definitions are based on the work of Lane as well as my reading of Oral & Kettani and the review by Tsopiapsis et al., and the three rules for theoretical saturation
from Grounded Theory. Please see Appendix D for more on validity types[105, 144, 163, 166].
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Table 2.9

Validation Tests Matched to their Objective, Focus and Validity Type

Focus of test

Types of validity

Objective

Name of test

Structure
Behavior
Culture

CptV

FV1

Fv2
Fv3
EV1

EV2

DV

Relevance to and

consistency with

Appreciation of
the Situation

Parameter Confirmation - Theoretical

Parameter Confirmation - Empirical

Structure Confirmation - Empirical

Structure Confirmation - Theoretical

X | X | X [X

X | X | X [X

Behavior Reproduction

Extreme Policy

Mode Reproduction Ability

X |X [X [X [X | X |X

Behavior Prediction

Anomalous/Surprise Behavior

X | X [X [X |X

Perspectives Boundary Adequacy

Suitability for
purpose

Structure Boundary Adequacy

Dimensional Consistency

Extreme conditions in equations

Behavior Sensitivity

Behavior Boundary Adequacy/Structure Sensitivity

Policy Sensitivity

Policy Boundary Adequacy

X X [X [X

Norms/Values Boundary Adequacy

X

Roles Boundary Adequacy

X

information

(CptV) Conceptual Validity, (FV) Formulational Validity 1-3, (EV) Experimental Validity 1-2, (DV) Data Validity. See Lane[105] for more
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2.3.2.2 RATIONALE FOR NEW MODEL VALIDATION METHODS

SDM methodology requires iterative model building and validation[100, 159, 160]. As |
progressed through model conceptualization (and beyond), | needed validation methods that
would test that the model building was progressing appropriately (i.e., that flaws were being
identified such that the model could be improved) as well as methods that would test for
cessation (i.e., that | could move to the next stage of model development: from qualitative to

quantitative model building) (see Section 2.2.2.3).

The original conceptualization of validation in SDM included a strong argument for the use of
non-quantitative model validation tools (i.e., model validation tools relying on qualitative
data). Forrester provided two reasons supporting the use of both a quantitative and a
qualitative treatment of validity, 1) since many aspects of SDM model development are based
on qualitative mental data, then the same type of data should be used to validate such a
model, and 2) that it expands the number of problems which can be studied when “a
preponderant amount of human knowledge is in nonquantitative form... model building and
model validation do not [need to] stop at the boundary where numerical data fail”[107] (p.

129).

In a paper on modeling and validation broadly (not only SDM), operations researchers Oral &
Kettani reaffirm Forrester’s observation that the richest source of data for modeling is “mental
data bases” consisting of mental models, and that such data have a place in model
validation[144] (p. 226). Of the formal methods for qualitative validation, these authors
describe SDM’s inherent advantages in conceptualization and conclude that, when it is “using
the cognitive capacities of the relevant actors fully [it] is perhaps the most promising [method]

... for determining the validity of a given ‘conceptual model’”[144] (p. 227).

Efforts to address this gap (between qualitative and quantitative model validation) have
resulted in the development of methods for qualitative validation in Group Model Building

(where the group could disconfirm during the workshop)[152], and structured stakeholder

dialogues (proposed by Forrester[107] (p. 263,268) and implemented in a structured way in
the dis-confirmatory interview([175]). However, stakeholders are not always available
throughout the modeling process (i.e., because of financial constraints, changing access to
stakeholders via management personnel or interest changes). In these cases, it would be
useful to have methods that would be able to use contemporaneously collected data (i.e.,
textual mental databases, for example, a subset of interviews set aside for validation).

However, qualitative validation methods using such data did not exist.
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As | had used interviews to develop the shared mental model, | needed a method that would
validate the structure of this model using interview data before | felt comfortable moving
forward to using it as a blueprint for building the simulation model. The purpose of developing
these new validation methods was for “confronting the model with data and expert
opinion”[113] (p. 80-81). SDM considers mental data to be the most useful data for model
development and assumes that it can be elicited by semi-structured interview. This
dissertation presents newly-developed methods that can utilize this type of data for
qualitative model validation — designed to confront the evolving versions of the model with

mental data contained in interview transcripts.

2.3.2.3 NEWLY-DEVELOPED VALIDATION METHODS

This section presents the newly-developed validation methods. These methods are described
in detail in Appendix E. In this section, | introduce these methods by providing a brief overview
of the goals of each method. For ease of the reader, | use the full method name in this section;
hereafter, each method’s corresponding acronyms are used. | will explain later in the chapter
(Table 2.13) how these methods map to those listed in Table 2.6. Additional information

regarding this mapping is also provided in Appendix E.

Table 2.10 below lists the new methods, their acronyms and focus questions as well as the
data set used and level of analysis. Model-specific validation tests are used in the various
phases of model development. Meta-level validation tests enable periodic reflection on the

meta-level validity — aspects that relate to the overall project.
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Table 2.10 Formal Validation Methods Designed for Textual Mental Databases

Data Set Level
Used
3| 8
=1
B
£l s
29| 3 5| 8
£5/ 85/ 8 ¢
Method name Acronym | Focus Question 20 ¥
Do the different clinics agree on the
Shared Mental Model Saturation | SMM-S I inics ag X X
structure of the system?
Does an additional clinic agree with
Conceptual Model Saturation CM-S SMM2 on the structure of the X X
system?
Does an additional clinic agree with
Simulation Model Saturation SIM-S SIM1 on the structure and behavior X X

of the system?

Does an additional clinic confirm
System Dynamics Saturation SD-S the usefulness of SDM as the X X
modeling approach?

What are the trade-offs of the
Methods Suitability N/A specific modeling approach used in X
this research?

Are the data upon which the model
Data Suitability N/A is based used within the scope of X
their limitations?

Have stakeholders been
Stakeholder Dialogue Suitability | N/A appropriately engaged throughout X
the research project?

Three of these methods (CM-S, SIM-S, and SD-S) use a set of interviews that was left unused
throughout the model development process. This subset was selected based on participant
characteristics (in this dissertation, having clinicians, clinical staff and management personnel
practicing in one context; i.e., all participants from one clinic). Once selected, these interviews

were set aside until model validation (herein, the model validation set).

These methods use tests which are not pass/fail per se. The first three tests are used to
identify strengths and weaknesses of the model. The remaining four tests are used to identify
strengths and weaknesses in the overall research approach. All these tests are performed as
described in Appendix E and results of these tests are then presented along with model

findings. It is then up to the audience to judge.

Shared Mental Model Saturation (SMM-S) is proposed here to have been reached when it has
been demonstrated that (1) the shared mental model appears to describe the system
structure underlying the problem statement and (2) the addition of one more data source
from the saturation reserve is not likely to modify the existing shared mental model (in the

case of this dissertation, this would be another interview or clinic set of interviews).
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The process of CLD Combination draws on the bank of CLDs representing individuals’ mental
models as interpreted via Purposive Text Analysis. SMM-S goes one step back to check the
shared mental model against the individual clinic CLDs. In so doing, it mitigates against the risk

that essential elements were lost in the process of CLD Combination.

Conceptual Model Saturation (CM-S) is proposed here to have been reached when it has been
demonstrated that the addition of one interview is not likely to modify the Shared Mental
Model?®*. | start with the existing Shared Mental Model (that was just verified via SMM-S).
That model is revised as needed during CM-S, until the addition of one more interview is not
likely to modify it. The method involves coding a new set of interviews from scratch (the
model validation set of interviews). This mental data is rigorously analyzed to validate the
structure of the Shared Mental Model. At this point, once the CM-S Test is passed, the CLD is

referred to as the Conceptual Model.

This method provides a formal way of reflecting on the conceptual model. In so doing, there is
the recognition that even researchers’ mental models of what they study are hard to change.
This process helps to surface researcher assumptions and to allow participants’ views to
guestion existing assumptions including on important concepts such as model structure,

system boundaries and parameters.

Simulation Model Saturation (SIM-S) is proposed here to have been reached when it has been
demonstrated that the simulation model does not contain radical departures from the
participants’ interviews. Participant perspectives are accessed in the results of CM-S and used

here to validate the structure and behavior of the simulation model.

This method provides a formal way of reflecting on the simulation model (e.g., its purpose,
structure, parameters and behavior) by way of comparison with the problem definition,
dynamic hypothesis and participant perspectives. For structure, this reflection involves
exploring the limitations and boundaries of the model; the limitations being concepts in
guotations which were simplified in the model and the boundaries being concepts which were
left out of the model, treated as outside the system, as constants, or as aggregated concepts.
For behavior, this reflection includes exploring how the model is able to generate the scenarios
described in participants’ interviews. In so doing, this method checks that the large number of
elements created in translating the conceptual model into the simulation model is consistent

with the way participants perceive the workings of the system.

24 This term is now capitalized since the shared mental model has been validated via the SMM-S test,
producing SMM2. SMM?2 is being validated in this test.
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System Dynamics Saturation (SD-S) is proposed here to have been reached when the extent
to which the validation set interviews verify that the target group sees SDM as a useful way of
addressing the issue has been demonstrated (CptV4 - culture). This is demonstrated by
rigorously analyzing relevant segments of the coded transcripts generated in CM-S, segments
which, demonstrate participant perceptions of issues which SDM is used to study (e.g., mental
models, systems with causal structures which include significant time delays, feedback loops

and non-linearity).

This test verifies that participants’ mental models contain causality and delays and that system
structure is perceived to be causing their problem. Furthermore, this test verifies that these
participants understand that they have mental models as characterized in SDM, that these
models are important, that these models can (and indeed must) change, and that doing so
involves emotional engagement. In verifying these things, this test demonstrates the extent to
which participants are likely to feel that, when presented with it, SDM research is appropriate

and acceptable even though they were not directly exposed to it prior to their interview.

Methods Suitability is proposed here to be determined by reflecting on the methods used in
the research. This test relates to both the modeling process (i.e., how diverse understandings
are brought together) and the modeling language(s) (what sorts of models are used to
represent those understandings) used in the research project. In so doing, the researcher
provides a documentation of the trade-offs considered in the project’s overall methodological
approach and justifies the researcher’s reasoning, exposing the methodological validity claims

to evaluation by others.

Data Suitability is proposed here to be determined by reflecting on the three types of data
that are possible, the data availability, and their limitations. This test relates both to model
documentation and model validation. It should be started prior to model development and
updated during model development. In so doing, the researcher provides a documentation of
the data which were used in model development and validation, exposing the data validity

claims to evaluation by others.

Stakeholder Dialogue Suitability is proposed here to be determined by reflecting on the
research project and the extent to which stakeholders have been engaged. In so doing, the
researcher provides a documentation of the project’s approach to stakeholder dialogue and
justifies the researcher’s reasoning, exposing the validation claims using evidence from

stakeholder dialogue to evaluation by others.
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Table 2.11 identifies the type(s) of validity that | have found each method to assess.

Table 2.11 Validity Types Ascribed to Each Newly-developed Validation Method

Types of validity
N ||
z(22|2|2S(2S|S55(2
2|3 5 52|2|22|c|3|3|3
Shared Mental Model Saturation (SMM-S) X|X|X|X]|X
System Dynamics Saturation (SD-S) X
Conceptual Model Saturation (CM-S) X X | X
Simulation Model Saturation (SIM-S) X | X X X
Stakeholder Dialogue Suitability X | X X | x| X
Methods Suitability X | X
Data Suitability X | x| x
(CptV) Conceptual Validity, (FV) Formulational Validity 1-3, (EV) Experimental Validity 1-2, (DV)
Data Validity. See Lane[105] for more information

Each cell marked with an “x” in Table 2.11 above corresponds to one row in Table 2.10 below.
In Table 2.12, the first column lists the validity type, defined in Appendix D. The second
column identifies the method. The third column provides the question(s) that each newly-
developed method contributes to addressing for each particular type of validity. The final
column identifies the data that are compared in addressing the question(s) including the

version of the model and the data source(s).
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Table 2.12 Questions that Each Newly-developed Validation Method Addresses, Sorted by Validity Type
Validity Type | Method Question Data Compared
SMM-S Are the variables and boundaries of the shared mental model well-developed and SMM1 compared to the problem statement and CLDs at
validated? one level of aggregation lower than SMM1
M-S Are the variables and boundaries of the Shared Mental Model well-developed and SMM2 compared to the problem statement and model
\(;pt.VkZ)ll 2 validated? validation set interviews
ariaples
. Are th iabl ies of the simulati | well- |
boundaries SIMLS rgt e variables and boundaries of the simulation model well-developed and SIM1 compared to the model validation interviews
validated?
Stakeholder . . . .
Dialogue Are the variables and boundaries of the models well-developed and validated? Models compared to stakeholder perspectives
. L . . MM1 he CLD level of i
SMM-S Are the relationships in the shared mental model well-established and validated? S compared to the CLDs at one level of aggregation
lower than SMM1
CotV2 Link CM-S Are the relationships in the Shared Mental Model well-established and validated? SMM2 compared to the model validation set interviews
INKS
P SIM-S Are the relationships in the simulation model well-established and validated? SIM1 compared to the model validation set interviews
Stakehold . L . . .
DiZIc?gL?e er Are the relationships in the models well-established and validated? Models compared to stakeholder perspectives
SMM-S Have new and relevant data regarding the elements in the shared mental model SMM1 compared to the CLDs at one level of aggregation
Cptv3 ceased to emerge? lower than SMM1
Saturati H I ing the el in the Sh M | Model
aturation M-S ave new and relevant data regarding the elements in the Shared Mental Mode SMM2 compared to the model validation set interviews
ceased to emerge?
1 LD i
SMM-S Are bounded rationality and cultural acceptability evident in the relationships? SMM1 compared to the CLDs at one level of aggregation
lower than SMM1
CM-S Are bounded rationality and cultural acceptability evident in the relationships? SMM2 compared to the model validation set interviews
SIM-S Are bounded rationality and cultural acceptability evident in the simulation model? SIM1 compared to the model validation set interviews
. . The research project undertaken thus far considered
D- D D ?
CptVa Culture SD-S oes the target group see SDM research as a useful way of addressing the issue through the lens of the model validation set interviews

Stakeholder

Do stakeholders see SDM research as a useful way of addressing the issue? Are

Models compared to stakeholder perspectives

Dialogue bounded rationality and cultural acceptability evident in the models?
Methods Does the modeling process address cultural acceptability and cognitive limitations Reflection
Suitability and use a non-coercive approach?
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Validity Type | Method Question Data Compared
. L . . SMM1 compared to the CLDs at one level of aggregation
SMM-S Do the relationships in the shared mental model distort aspects of the clinic CLDs? P geree
lower than SMM1
Do the relationships in the Shared Mental Model distort aspects of the model _— . .
CM-S s p } Rk P SMM2 compared to the model validation set interviews
validation set participants’ statements?
VL Have important elements been omitted or distorted because of the procedures used
Iimitataigi:age SIM-S in the creation of the simulation model (i.e., "the discipline of the programming SIM1 compared to the model validation set interviews
language"[105] (p. 120))?
Stakeholder | Do the relationships in the model distort aspects as they are conceptualized b .
. P P ¥ P 4 Models compared to stakeholder perspectives
Dialogue stakeholders?
Methods Have important elements or relationships been omitted or distorted because of the Reflection
Suitability procedures used in the model development process?
FV2 SIMLS How consistent is the simulation model with the structure and behavior that it was SIM1 compared to the problem statement and dynamic
Conceptual meant to represent? hypothesis
equals Stakeholder | How consistent is the model with the structure and behavior that it is meant to .
A . . Models compared to stakeholder perspectives
simulation Dialogue represent?
Fv3 Stakeholder | How well do the models conform to SDM guidelines? (e.g., CLD grammar, stock and .
SDM . . Models compared to stakeholder perspectives
- Dialogue flow diagram and model grammar)
guidelines
EV1. Structural SIM-S Do experiments in the simulation model challenge or support its structure? SIM1 compared the model validation set interviews
ructura
. Stakeholder . . . . . .
design Dialogue Do experiments in the simulation model challenge or support its structure? Models compared to stakeholder perspectives
i Stakeholder | Are the model's analytical insights at an acceptable level of quality (i.e., usefulness, .
EV.Z Insights . v . & . P q A Models compared to stakeholder perspectives
gained Dialogue accuracy, robustness)? (discuss with stakeholders)
DV1 Data Are the mental data upon which the model is based used within the scope of their .
o N Reflection
Mental data Suitability limitations?
DV2 Written Data Are the written data upon which the model is based used within the scope of their .
L S Reflection
data Suitability limitations?
Is th ical data f in the simulati del reliabl iate, availabl g . .
SIM-S > the nu'r’r'1er|ca ata for use in the simulation model reliable/appropriate, available SIM1 compared the model validation set interviews
Dv3 and sufficient?
Numerical data | Data Are the numerical data upon which the model is based used within the scope of .
N e Reflection
Suitability their limitations?

(CptV) Conceptual Validity, (FV) Formulational Validity 1-3, (EV) Experimental Validity 1-2, (DV) Data Validity. Please see Lane[105] for more information.
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The proposed model validation methods described here correspond to tests in the standard

SDM method, as shown in Table 2.13 below. From right to left, the table presents: newly-

developed validation methods, their foci, the standard method tests that they address, and

the purposes to which the tests contribute. This table presents the new validation methods in

terms of the tests to which they correspond. This presentation is based on combining two

tables above (Table 2.9 and Table 2.11).

Table 2.13 New Formal Validation Methods in Their Context
Focus of test New Validation Method
3 g
>
S g |2 |z |8 |£
- = o T | & o >
] € =} a S| 2
t_ g 2 |2ls435 |5
] © [TRREN
o| 5| [255555|5822 3¢
3| 2@ SHERSTEEHSE 0| A
Purpose of S| =2 |2|ls5/85/¢g5|258=2 5| &=
idati = s | 3|2 RSB oRIERS3 2| &
validation test  [Name of test &l 2 13l5 3388 8lg d& 2 S| a
Parameter
Confirmation - X X X X X X
Relevance to and [Empirical
consistency with [Structure
Appreciation of |Confirmation - X X X X X X
the Situation |[Empirical
Perspectives Boundary
X X X X X
Adequacy
Structure Boundary
X X X X X X
Adequacy
Suitability for |Norms/Values
X X X X X
purpose Boundary Adequacy
Roles Boundary
X X X X X
Adequacy
For Stakeholder Dialogue Suitability, suitability is in parentheses because, while Stakeholder Dialogue is not a
new validation method, Stakeholder Dialogue Suitability is a new method. It is the Stakeholder Dialogue that
verifies each of these tests and Stakeholder Dialogue Suitability that verifies that appropriate stakeholder
sroups were engaged appropriately.
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2.4METHODS

This section summarizes the standard and newly-developed SDM methods as they were used
in this dissertation. Table 2.14 below orients the reader to the sub-sections that follow: the
four phases and two cross-cutting steps. As the research progressed through the phases, new
model iterations were developed. This table also lists the model development and model
validation methods as well as model iterations and how they correspond to the various phases
of this work. This table is based on Table 2.1 and Table 2.3 presented earlier. The purpose of

this table is to include the corresponding locations of the methods and results sections.

In the sections below, Section 2.4.1 presents a brief description of the iterative improvement
of the problem definition and dynamic hypothesis. Sections 2.4.2 to 2.4.4 and 2.4.6 describe
the data collection and analysis methods employed during phases one through four. Section
2.4.5 details the iterative process of model validation implemented across these research

phases.
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Table 2.14

Methods Summary, Model Iterations, Validation Methods & Locations in the Thesis

Cross-Phase Step: Iterative Improvement of Problem Statement & Dynamic Hypothesis

Model Cross-Phase Cross-Phase
Study Purpose Inout BT Development Methods Model Results Step: Model Methods Results Step: Meta
Phase P P P Met:o d Location Iteration Location Validation Location Location Validation &
Methods Locations
Mixed Problem
Scoping | Problem Methods Definition N/A Appendix N/A Appendix | Stakeholder Appendix | Appendix
Study | Definition Project & Choice of C C Dialogue C C
Data SDM .
o~ ™~
Mental semi- Participant Purposive Text Section | Participant Section ~ 2 o
Phase 1 | Model Structured P Analysis P None None None ) Q
L . CLDs . . 2.4.2 CLDs 3.2 “ w o c
Elicitation Interviews Mild Pruning B ET 0
M € wn X
T CLD ) : T NN
Develo b Cﬁi: CLD: SMM-S Test* Section Section g N A o<
P Participant | Conceptual S Section Section | CM-S Test* 2454 & 354 & — 3 ~N & ‘;
Phase 2 | Conceptual |, o Model Combination 243 | MML 33 | Stakeholder Appendix | Appendix | 2 & § ™
Model Pruning o SMM2 ’ . PP PP < c2wmg
Dialogue F F NS B« 2
SMM3 5 *g L
= — c ¥
SDM Standard . . 5 Lx o2F
Develo Methods Section Sections ] ‘8‘ 3
Phase 3 SimulatF:on Conceptual | Simulation | Simulation Section | SIM1 Section SIM STe;t* 24558& | 3551& g E8op
Model Model Modeling 2.4.4 SIM2 3.4 Appendix | 3.5.5.2 & =R 5% 3
Model Stakeholder SEM A
Di F 3.5.5.3 23053
ialogue 39 IS
TS <
(= ) ~
S ©
Policy & SIM3 &
Phase 4 Policy Simulation Tse:?: N/A Section Theoretical Section | Stakeholder Section Section
Analysis Model v 2.4.6 3.6 Dialogue 2.45.6 3.5.5.3
Results Model
* = Newly-developed methods for SDM, proposed in this dissertation.




2.4.1CROSS-PHASE STEP - ITERATIVE IMPROVEMENT OF THE PROBLEM
DEFINITION & DYNAMIC HYPOTHESIS

In the scoping study (Appendix C), a problem statement (i.e., purpose) was drafted based on
preliminary qualitative and quantitative analyses. This problem statement was periodically
updated throughout the model development and validation process. Questions considered
along the way, to develop (and iteratively update) the problem definition, are listed in problem
definition above. With each phase, additional results provided the opportunity for reflection

and for the creation of a more explicit definition of the problem.

My dynamic hypothesis®*[113] (p. 86) was also updated along the way. All of the model
development and model validation steps leading to the development of the Theoretical Model

refined it.

2.4.2PHASE 1 - MENTAL MODEL ELICITATION

Purposive sampling[170, 171]* was used to select five primary care clinics deemed to be
representative (in their context) of the larger organization (the 10 HSDO clinics) — interviews
from these clinics are the model development set. Purposive Text Analysis was performed on
all clinician and MA interviews at these five clinics (n=20 interviews). Interviews from a sixth
clinic (n=10 interviews) were set aside for validation once the model was developed — these
are the model validation set. The remaining HSDO interviews were set aside for saturation
reserve: three clinics for saturation reserve associated with model development and one clinic
for saturation reserve associated with validation. Thus, in total, interviews from 80% of clinics
were designated for model development and interviews from 20% of clinics were designated

for validation. These designations are presented in Table 2.15 below.

Table 2.15 Designation of Clinics for Model Development & Validation

Saturation Group
Analysis Set Reserve Total
Model 5 3 3
Development
Mo.del . 1 1 )
Validation
TOTAL 6 4 10

25 A dynamic hypothesis explains the problem behavior as it is endogenously produced via feedback
structures among key system variables. See Section 2.2.2.1.2 for more on dynamic hypotheses.

%6 To be clear, there is no methodological relationship between purposive sampling and Purposive Text
Analysis. Purposive sampling was used two times: first, (by HSDO managers) selecting respondents and

second, (by me) segmenting the mental database (as in Table 2.15).
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Clinics were selected based on their context, with the goal of maximizing the variation in
contextual factors. HSDO management personnel characterized each clinic’s context.

Descriptions of the five selected clinics are presented in Table 2.16 below.

Table 2.16 Clinic Characteristics

ClinicA Clinic B Clinic C ClinicD Clinic E
Urbanization Suburban Urban Suburban | Urban Suburban
Distance from UHC Mid-range | Close Far Mid-range | Far
Patient Diversity High Low Moderate | Moderate Moderate
Training Clinic (residency) | Rotation Continuity | Rotation Rotation Rotation
MD Availability (most) Full Time Part Time Full Time Mix Full Time
Ancillary Specialty Many None Many Many A few
Market Competition High Moderate | Low High Moderate

Clinicians interviewed practicing in these clinics span all the practice clusters (described in the
Appendix C Scoping Study). Therefore, it is assumed that using these clinics increases the
likelihood that the analysis captures the range of perspectives held among front-line

employees within the HSDO.

Purposive Text Analysis is used to develop CLDs from these interviews. Whereas interviews
were used for thematic coding in the scoping study, they are now used for model
development. To satisfy the assumptions of purposive text, the verbatim transcripts of the

interviews must represent:

» U

Participants’ “sophisticated [or first-hand] knowledge of the system”[117]

Participants interviewed in the Mixed Methods Project were: one clinician and one

medical assistant (herein, MA) from each care team in the HSDO’s 10 community clinics as
well as relevant managers. The community clinics Quality Director as well as clinic center
managers performed the selection using purposive sampling. Selection criteria were: 1) to
have one clinician and one MA from each team 2) to capture a range of approaches to
implementation and 3) to capture a range in the length of involvement in the
transformation process (e.g., initial implementation, introduction into a clinic mid-way

through implementation).

Candid discussions, where participants “are not grand-standing or taking rhetorical
positions that they do not believe in strongly”[117] (p. 314)
Interviews were performed in a private room at the respective clinic. Participants had the

option to terminate the interview at any time. They signed a consent form to participate.
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While the research team was embedded within the HSDO, | (the interviewer) was not. It
was made clear to respondents that HSDO staff would not have access to respondent
interviews and that their statements would not be presented in an identified manner at
any time. The semi-structured interviews were gathered with ethical approval from the

London School of Hygiene and Tropical Medicine as well as from the University of Utah.

By employing a systematic coding procedure that treats the data in a consistent manner,
Purposive Text Analysis overcomes the temporal and spatial distance between data source and
researcher which may introduce biases (i.e., the researcher’s own assumptions about the
system investigated; e.g., variables considered important for one researcher might be ignored

by another)[117].

Purposive Text Analysis is a method that was first developed and applied by Kim in a study
that generated a stock and flow diagram from a series of verbatim transcripts from the US
Federal Reserve Board’s Open Market Committee (an important U.S. policy-making group)
meetings[117]. The stock and flow diagram represents the policy makers’ mental models
communicated and shared during the meeting leading to their collective decision. When the
researcher cannot verify the diagram with the original stakeholder, systematic coding and
documenting allows the researcher to leave a documentation of data-to-diagram linkage and,

where feasible, creates an opportunity for the diagram to be examined by others[117].

This dissertation uses this same method to generate CLDs. The coding procedure can be

summarized as follows:

1. Define the problem of focus.

2. Select data segments within the problem boundary. Each data segment consists of
one argument and its supporting rationales.

3. From each data segment, identify the cause variable, effect variable, and the polarity
of the relationship.

4. Represent each causal relationship in a simple words-and-arrow diagram.

5. Collect and merge the words-and-arrow diagrams into a collective CLD. In doing so,
collapse similar variables using a common variable name.

6. Assign unique identifiers to data segments and CLD variables and causal links. As the
coding progresses, document the data segments where each CLD variable or causal

link is elicited.
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Purposive Text Analysis proceeded as follows: clinician and MA interview transcripts were
coded to identify portions where structural relationships were discussed, focusing on
statements describing a cause and effect relationship. Simultaneous to coding in computer-
aided qualitative data analysis software (NVivo[176]) respondent mental models were
visualized in system dynamics modeling software (Vensim[177]) as the coded causal

relationships were then translated into a CLD.

An example illustrating how purposive text analysis was used is presented below in Figure
2.10. One MA describes one aspect of task shifting within her team as she describes whether
she is allowed to remain in the examination room during patient visits. This figure presents
the statement and shows how it was subdivided into four causality arguments, and a

corresponding words and arrow diagram, in the words of this MA.

Once individual CLDs were completed, variable names were standardized across all CLDs. This
was achieved by entering variable names from one individual CLD into MS Excel and then
updating that list (by adding and/or modifying the variable names) as additional CLDs were
reviewed. The final set of variable names was then used to create a standardized CLD for each

individual.

These CLDs were then pruned. Pruning elicits the factors that contribute most to system
behavior over time. As per SDM theory, accumulation in stocks is what people can see, and it
happens via delays and feedback structures[178]. Yearworth[116] recommends retaining only
linkages involving delays and/or loops of three or more links. In this step, pruning was relaxed
to also retain loops of two links (even when they did not contain delays). In this dissertation,

this is referred to as mild pruning.
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Figure 2.10 The Purposive Text Analysis example of arguments 1 to 4

Quotation:
So we pretty much do it all except for staying in the room with the clinician. And [when] this is brought out, Dr. XXX will start doing it again for a week or
so and then she’ll stop again. | think that we get so involved with what we’re doing ... we work shorthanded a lot like we’ve been very shorthanded
today.[1] ... [Plus, the message we get so often is: you’re] not seeing enough patients, not seeing enough patients, not seeing enough patients[2], and, you
know, we’re not making the money.[3] ... and unfortunately sometimes | think that its pushed too much. And the quality of care is not there. [4]

Main argument: we don't bring the MA member into the room because it slows us down when we are already short-staffed

Argument 1 Argument 2 Argument 3 Argument 4
C wee l ! i
o | think that we get so involved with  [Plus, the message we get » fmd un c?r'tunatel i
© ’ . : 7 and, you know, we’re not think that it’s pushed too much.
S MAO03 what we’re doing ... we work so often is: you’re] not ; , .
o] ; . making the money. And the quality of care is not
=) shorthanded a lot ... seeing enough patients...
o there.
v bringing the MA into the pushing a focus on seeing enough
g Causal Variable working shorthanded room seeing enough patients patients
=]
&
s Effect Variable bringing the MA into the room seeing enough patients making the money quality of care
=  Relationship
b Type Negative Negative Positive Negative
Drawing:
working shorthand ! > bringing the MA into the 2 > seeing enough 3 - king th
) room i patients + making the money
4

pushing a focus on

seeing enough patients ) quality of care
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2.4.3PHASE 2 - DEVELOP CONCEPTUAL MODEL

Preparing CLDs for CLD Combination involved: coding 20 interviews to create 20 corresponding

CLDs and mildly pruning them into 20 individual CLDs (Phase 1).

In Phase 2, CLD Combination was implemented as individual CLDs were combined to develop a
shared mental model. Specifically: the 20 mildly pruned individual CLDs are combined into 10
Team CLDs, which are further combined into 5 Clinic CLDs, and then finally combined and fully
pruned into 1 shared mental model for all participants in the model development set (this

model is called SMM1).

That shared mental model was then validated. Validation methods used were: SMM-S Test,
CM-S Test, and Stakeholder Dialogue (see Section 2.4.5.4 for descriptions). After validation,

the new model version was referred to as the Conceptual Model (also known as SMM3).

2.4.4PHASE 3 - DEVELOP SIMULATION MODEL

SMM3 was used to guide the development of the draft simulation model (SIM1). Quotations
from the model development set and operational thinking[157, 179] (see Section 2.2.2.2) were
used to generate more detailed structures behind the concepts identified in the Conceptual

Model. The literature was also consulted for quantifying parameters in the model.

That said, | began the simulation model using SMM2 as a blueprint (i.e., model development
began during the early part of Phase 2, just after SMM-S). Specifically, | began with the
personnel sector by translating “care team capacity” into Number of Clinicians and Number of
MAs and then added structure, step by step, as | followed the causal links fanning out from
this variable in SMM2. Finally, the model revisions generated in Phase 2 (which result in
SMM3), took precedence over prior formulations?’[113] (p. 80-89,104)[114] (p. 6), resulting in
SIM1.

Throughout this phase, | employed various validation methods and made model revisions as
needed (Section 2.4.5.5). Once these validation methods were completed, the model that

resulted was referred to as SIM2.

27 |t should be noted that SDM is fundamentally a creative process, which is iterative and is not a
cookbook recipe. In this process, researchers are intended to develop draft qualitative and simulation
models which are continuously and iteratively improved. There are many drafts which are created and
discarded along the way.
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2.4.5CROSS-PHASE STEP: VALIDATION

2.4.5.1 CESSATION

So far, this chapter has presented the various types of model development and model
validation methods (SDM standard method ones and newly-developed ones) as well as the
model development methods used in this dissertation. Here | consider the question: when
should the researcher feel sufficiently confident in their modeling to stop developing (and

validating) the model and begin using it?

Having observed that the SDM literature did not explicitly address this question, and having
observed that in other disciplines the researcher’s discretion has been used to answer it,
Groesser & Schwaninger[161] propose a qualitative method to estimate the validation
cessation threshold which should be used as a guide for answering this question. A conceptual
model is presented for how to make the cessation choice by using relevant attributes of

researchers, stakeholders and the project.

The descriptive rule for the threshold considers: model size (e.g., the total count of

variables[161, 180]), relative importance/risk of decision, target group's experience with

modeling; target group’s expectations, data availability, and the researcher's level of expertise.
The conceptual framework describes how these factors interact to determine cost and other
relevant factors. The researcher describes these factors as they are characterized within the
individual research project and uses the framework to determine the validation cessation

threshold.

| used the framework as follows: | reflected on each factor and ascribed a score (range = low,
medium, high) with a corresponding explanation. Then | used the framework to determine the
validation cessation threshold. | used this score to guide my validation work — as a qualitative

assessment of the level of effort | would need to make for validation.

2.4.5.2 DATA SUITABILITY

| reflected on the three types of data that are possible, the data available, and their
limitations; in order to answer the following question: are the data upon which the model is
based used within the scope of their limitations? |then created the Data Suitability table

described in Appendix E.
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2.4.5.3 METHODS SUITABILITY

| reflected on the modeling process and the modeling languages used in the research process,
in order to answer the question: what are the trade-offs of the specific modeling approach
used in this research? | then created the Methodological Tradeoffs table described in

Appendix E.

2.4.5.4 VALIDATION METHODS AS USED IN PHASE 2

2.4.5.4.1 SHARED MENTAL MODEL SATURATION

| read the problem statement and attempted to tell stories using SMM1. Specifically, these
stories involved the elements and behaviors identified in the problem statement as expressed
in the dynamics visualized in SMM1. |then reflected on the stories told to assess whether the
variables identified in SMM1 meet the model‘s purpose (as expressed in the problem

statement).
Then, | created SMM-S Curves and SMM-S Diagrams as described in Appendix E.

First, | reviewed the SMM-S Curves for saturation (i.e., flattening curves means no new
concepts are emerging). | started with the variables SMM-S Curve. Then, | reviewed the links,
feedbacks and delays SMM-S Curves for saturation. (I used the same process for CM-S

Curves.)

Second, | reviewed SMM-S Diagrams for relationships that were less well-established in those
diagrams, meaning that fewer clinics mentioned them and/or fewer clinics mentioned them

explicitly.

Third, | focused on each of those relationships that were less well-established, considering
whether the relationship distorts aspects of the data on which the diagrams are based (the
clinic CLDs), and whether it is plausible in terms of cognitive limitations and is feasible in terms

of the culture (roles, goals, policies). Modifications were made as needed.

As the SMM-S Test was passed, additional interviews from the saturation reserve were not

consulted.
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2.4.5.4.2 CONCEPTUAL MODEL SATURATION

The model validation set of interviews (n=10) consisted of four clinician interviews, four MA
interviews, and two clinic management interviews. The management personnel interviewed
were the clinic’s center manager and nurse manager (a staff member with clinical and
managerial duties). Interview transcripts were coded and rigorously-interpreted quotations for
causality (Causal RIQs) were generated from the coded transcripts. This process also
generated CM-S Curves and CM-S Diagrams. The design and techniques for creating coded

interviews, Causal RIQs, CM-S Curves and CM-S Diagrams are described in Appendix E.

CM-S Curves and CM-S Diagrams were used as in SMM-S. This time, after establishing that
saturation had been reached (using CM-S Curves), | reviewed the coded model validation set
transcripts and created Causal RIQs — this process tested how capable SMM2 was of exposing
the variables in participants’ mental models. Model modifications were made as needed.
Elements that were revised during CM-S were checked against the problem statement to make

sure that they fall within the model’s purpose.

Then, | reviewed the CM-S Diagrams, focusing on the relationships that were marked as less
well-established in those diagrams, meaning fewer participants mentioned them and/or fewer
professions mentioned them. | considered whether the relationship distorts aspects of the
model validation set participants’ statements, and whether it is plausible in terms of cognitive

limitations and is feasible in terms of the culture.

As the CM-S Test was passed, additional interviews from the saturation reserve were not

consulted.

2.4.5.4.3 STAKEHOLDER DIALOGUE REVIEWING SHARED MENTAL MODEL

In this step, stakeholders were shown the shared mental model CLD. The shared mental
model permits a high-level discussion of the emergent themes which enables stakeholders to
think creatively and identify similar concepts, including qualitative theoretical constructs,
which can be of value in making more useful both the conceptualizing of the simulation model

and the development of theory.

Stakeholders engaged were: local, national and international experts in primary care, problem
owners at the HSDO, primary care clinicians and experts in health services research, health
systems research and SDM in health. Stakeholders were encouraged to question the shared
mental model structure and point out flaws (based on their level of experience and proximity

to the system in question).
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These stakeholders were engaged at separate times as opportunities arose and they were
shown the version of the shared mental model that was most up to date at that time.
Opportunities for these dialogues included: informal one-off meetings, HSDO meetings as well
as meetings scheduled during local and international conferences. Sometimes stakeholder
discussions were one-on-one, other times they involved a group of stakeholders. In all cases,
the effort was made to have an open dialogue where all stakeholder viewpoints were

considered.

2.4.5.5 VALIDATION METHODS AS USED IN PHASE 3

2.4.5.5.1 SYSTEM DYNAMICS MODEL STANDARD VALIDATION METHODS
IMPLEMENTED

Table 2.17 below lists the SDM standard method model validation tests (in the first column),
the procedures | used to implement those tests (in the second column) and the test definition

(in the third column).
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Table 2.17

Validation Methods Implemented

Name of test

What | did (see Chapter 3 Section 3.5 for results)

Definition[123] (p. 189-195)} and[105] (p. 123)

Parameter Confirmation - Theoretical

| reviewed literature for numerical estimates of the constants in
the model.

“Evaluating the constant parameters ... [against generalized
knowledge about the system that exists in the literature] both
conceptually and numerically.”[123]

Parameter Confirmation - Empirical

Implemented using the following methods: SSM-S, CM-S, SIM-S
and Stakeholder Dialogue.

“Evaluating the constant parameters against knowledge
[obtained directly from] the real system, both conceptually and
numerically.”[123]

Structure Confirmation - Empirical

Implemented using the following methods: SSM-S, CM-S, SIM-S
and Stakeholder Dialogue.

“Comparing the model structure with information (quantitative
or qualitative) obtained directly from the real system being
modeled.”[123]

Structure Confirmation - Theoretical

Related models were identified but addressed different
problems, prohibiting formal comparison.

“Comparing the model structure with ... [generalized knowledge
about the system that exists in the literature].”[123]

Behavior Reproduction

| checked the model to see if it was able to reproduce the
reference mode. | also checked that the model was able to
reproduce both failure and success modes as described in the
problem statement.

“Does the [simulation model’s] behavior match any historical
data and/or the reference mode?”[105]

Extreme Policy

I implemented values for each policy that represented extreme
conditions and checked that the model behavior was reasonable.

“When policies are pushed to extremes are the [simulation
model’s] behaviors reasonable?”[105]

Mode Reproduction Ability

| implemented several past policies in the model to see if it was
able to reproduce behavior consistent with historic behavior.

“With different past policies, does the [simulation model] yield
behaviors consistent with other [examples] of the system”[105]

Behavior Prediction

| checked that the model reproduces the anticipated behavior for
future/hypothetical situations.

“Does [the simulation model] reproduce the anticipated behavior
in future/hypothetical situations?”[105]

Anomalous/Surprise Behavior

| simulated the model under various conditions and found
anomalous behaviors. | studied these causes of these behaviors
in the model. When these behaviors were indeed anomalous,
corrections were made to remove them. Other times, they were
surprise behaviors that led to insights.

“Have odd behaviors been studied to show that either: 1) they
are anomalous, needing [simulation model] corrections to
remove them? 2) the [simulation model] yields insights into a
previously unrecognized mode?”[105]

Perspectives Boundary Adequacy

Implemented using the following methods: SD-S, Stakeholder
Dialogue Suitability and Methods Suitability.

“Do the models support debate on different perspectives in the
[Problem Statement] concerning: 1) choice of modelling approach
used? 2) System dynamics issue addressed? 3) Goals to be
achieved? 4) Policies for doing so?”[105]
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Name of test

What | did (see Chapter 3 Section 3.5 for results)

Definition[123] (p. 189-195)} and[105] (p. 123)

Structure Boundary Adequacy

Implemented using the following methods: SSM-S, CM-S, SIM-S,
Methods Suitability and Stakeholder Dialogue.

“Do the models contain sufficient and appropriate variables,
policies and feedback loops to address the issue that they are
being built to study?”[105]

Dimensional Consistency

Used the “check units” feature in Vensim to confirm that the
right-hand side and left-hand side of each equation passed the
dimensional consistency test.

“Checking the right-hand side and left-hand side of each equation
for dimensional consistency”[123]

Extreme conditions in equations

I implemented extreme values for constants in the model and
checked that the outputs of each policy were reasonable.

“Are the outputs of policies reasonable if the inputs take extreme
values?”[105]

Behavior Sensitivity

I implemented sensitivity analysis without policies turned on and
checked that the model output was plausible. Specifically, |
performed a Monte Carlo analysis with 200 runs for each of the
constants in the model, each in a range of £50% their original
values.

“Are the previous behavior tests compromised by the plausible
changes in parameter values?”[105]

Behavior Boundary
Adequacy/Structure Sensitivity

I implemented multiple equally-likely structures in the model
during model development. As | tested each one, those
producing behavior that did not match the behavior described by
interviews or operational thinking or those where a simpler
model produced the same behavior were abandoned.

“Does the [simulation model] contain sufficient and appropriate
variables, policies and feedback loops to address the issue when
this is tested by adding new pieces of relevant structure and
examining the resulting behavior?”[105]

Policy Sensitivity

I implemented sensitivity analysis for the model with various
policies turned on.

“Are the suggested [policies and recommendations] robust to
plausible parameter changes?”[105]

Policy Boundary Adequacy

| added possibly relevant structure and tested its impact on
behavior, under different policy scenarios.

“Does the addition of more possibly relevant structure change
the [policies and recommendations]?”[105]

Norms/Values Boundary Adequacy

Implemented using the following methods: SSM-S, CM-S, SIM-S
and Stakeholder Dialogue.

“Do the models support debate concerning, and represent the
behavior of the relevant actors': 1) goals (are the desired states
acceptable?) 2) Policies (are the actions based on discrepancies
between goal and actual conditions acceptable within the
culture?)”[105]

Roles Boundary Adequacy

Implemented using the following methods: SSM-S, CM-S, SIM-S
and Stakeholder Dialogue.

“Are the feedback links in the models consistent with the abilities
of current actors in the system to access, interpret and employ
information?”[105]

Italics are used to denote the use of newly-developed validation methods described in Appendix E.
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2.4.5.5.2 SIMULATION MODEL SATURATION

This test consulted SIM1, the Causal RIQs, the problem statement, and the dynamic hypothesis

(i.e., the Conceptual Model) as described in Appendix E.

The problem statement and dynamic hypothesis were consulted to see: how consistent was

SIM1 with the structure and behavior that it was meant to represent.

Also, variables and relationships in SIM1 were checked, that they make sense in terms of the
descriptions provided in the quotations and interpretations (i.e., proper time frame, proper
designation as stock/flow/constant, proper scope). Then, the full quotation was reviewed with
SIM1 in hand, to make sure that the causality described in the quotation is covered in SIM1.
When goals and policies were discussed, | checked that they were also found in the simulation
model and that they were within scope of the cognitive limitations apparent in the quotations.
Finally, the model was run using the structural aspects described in these quotations and the
run results were compared with behavioral expectations mentioned in those quotations.
Modifications to SIM1 were made, as needed in this test. Once complete, the model was

called SIM2.

2.4.5.5.3 STAKEHOLDER DIALOGUE REVIEWING SIMULATION MODEL

In this step, stakeholders interacted with the simulation model. The simulation model permits
a high-level discussion of the structural theory in the model and the behavior patterns it
produces. Stakeholders interacted with the model as they would with a rough draft flight
simulator — 1) checking for bugs (i.e., looking at anomalous simulation runs and discovering
causes from flawed formulations, whether conceptually or mathematically), and 2) discussing

how best to organize the dashboard and outcome graphs.

Stakeholders engaged were: national experts in primary care, primary care clinicians and
experts in health services research and SDM in health. One-on-one meetings were held with
each stakeholder. Notes were taken during each discussion and model modifications were

made after reflecting on those notes.

2.4.5.6 VALIDATION METHODS AS USED IN PHASE 4

2.4.5.6.1 STAKEHOLDER DIALOGUE REVIEWING POLICY ANALYSIS

In this step, stakeholders interacted with the simulation model and discussed policy results.
Policy discussions permitted one more review of the simulation model. This review considered
model’s structure and behavior as well as the scenarios and policies incorporated into the

simulation model.
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Stakeholders engaged were: national experts in primary care, primary care clinicians and
experts in health services research and SDM in health. One-on-one meetings were held with
each stakeholder. Notes were taken during each discussion. After reflecting on those notes,
the comments on structure and behavior resulted in model reformulation and policy analysis
was performed again. Comments on policy and future research items were incorporated into

the conclusions chapter.

2.4.5.7 SYSTEM DYNAMICS SATURATION

First, Cognitive RIQs were generated as described in Appendix E. Causal RIQs, CM-S Diagrams
and Information Accumulation Graphs previously generated in CM-S were also consulted. All
of these were reviewed to assess the extent to which the validation set interviews verified that

the target group sees SDM research as a useful way of addressing the issue.

Causal RIQs verified that participants have mental models with causality and time delays.
Information Accumulation Graphs visualized the extent to which participants’ interviews
contained causal statements. CM-S Diagrams visualized those causal statements. Finally, the
Cognitive RIQs verified that participants see themselves as having mental models which are
characteristic of Mental Models of Dynamic Systems, that they recognize that changing mental
models is part of the perceived solution to the problem, and finally that the needed mental
model changes will require engaging the target group on a sub-conscious emotional level. The

SD-S Test was passed. Additional review of findings to date was not needed.

2.4.5.8 STAKEHOLDER DIALOGUE SUITABILITY

| reflected on the extent to which stakeholders have been engaged in this research project.
Specifically, | considered which stakeholder groups were engaged, as well as how and when
they were engaged. | also considered the extent to which there was opportunity for iterative

dialogue with individual stakeholders.
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2.4.6PHASE 4 - POLICY ANALYSIS

Now that model validation tests have been completed, the next phase of research involved
identifying, creating the structure for, and running the model with various policy changes and
environmental conditions. Policies are features of the system that target audience
stakeholders can change. Environmental conditions are contextual features of the system that

are not changed within the system boundary (i.e., alternative realities).

First, | identified environmental conditions that could change how the system develops over
time (i.e., resulting in the variation described in the problem statement) as well as policies that
could be implemented. Environmental conditions and policies were documented as they were
mentioned by participants and stakeholders. The environmental conditions mentioned
focused on certain agents’ preferences which, for purposes of understanding my problem, are

assumed to remain unchanged over the course of the model’s timeframe.

Second, | created model structure to incorporate these system changes into the model
(SIM3)[114] (p. 110, 442). For each new model structure, | used SDM standard method tests
to verify that formulation errors (conceptual or mathematical) were not introduced and that

policies functioned as they were intended to function.

Third, | ran what-if scenarios to see the effect of each policy in isolation. | also performed
sensitivity analysis to test the robustness of each policy recommendation to different
environmental conditions and uncertainties. Finally, | ran policies in tandem and under

different environmental conditions to see the impact of policy interactions (e.g., synergy)[113]

(p. 86).

Fourth, from this learning, | developed a system policy-structure diagram[114, 180] (p. 162-

163) (referred to in this dissertation as the Theoretical Model). This diagram is a simplified
visualization of the Simulation Model that summarizes the understanding gained in policy

analysis.

Validation in this phase consisted of Stakeholder Dialogue (Section 2.4.5.6).
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2.5METHODS AIM SUMMARY

My methodological aim was to select adequate methods, and create new ones when needed,
in order to meet the theoretical aim undertaken in this dissertation. | used a mixed methods
process to select the system dynamics methodology for this research (see Appendix C). In this
chapter, | began with an overview of system dynamics and then presented my newly-
developed model development and validation methods along with accompanying rationales
(see Appendix E for details on these methods). While | created these new methods to
complement the existing principles[108] of system dynamics methods, the process
occasionally required new theory (specifically with respect to validity types and subtypes, see

Appendix D).

In Section 2.4, | briefly described the methods | used in this dissertation, including ones from
the SDM standard method and my newly-developed methods. The next chapter presents
results from throughout the iterative model development and validation process. This format
is used because insights were gained all along the way and to demonstrate the contributions

of my newly-developed methods using the case of studying PCT.
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3.1INTRODUCTION

This chapter presents how my theory of primary care transformation (PCT) iteratively

improved. As | used newly-developed methods along the way, this chapter presents an

example using the methods | developed.

Figure 2.1 will be used periodically in this chapter: each time that | transition to a new model

iteration showed in gray. This is to help the reader orient themselves to where the results fit

in the theory building process. Figure 3.1 below combines Figure 2.1 and Table 2.2 to present

a more detailed orientation for the reader.

Figure 3.1 Model Progression Sequence & Summary
Model Participant | Team CLDs, SMM3 / Theoretical
o SMM1 SMM2 Conceptual SIM1 SIM2 SIM3
name Clinic CLDs Model Model

Progression of Simulation

Model

CLD Combination

Model name Role in model development
Participant . s . .
CLDs The CLDs that were generated; one specific to each individual interview.
Team CLDs, The CLDs that were generated in implementing CLD Combination; one specific to each team and clinic
Clinic CLDs in the model development set of interviews.
SMM1L Shared mental model 1 is the result of CLD Combination. It is the first model that is assumed to be a
shared mental model (i.e., it is the first draft of the dynamic hypothesis).
Shared mental model 2 is the version of the model after modifications made during the Shared
SMM2 Mental Model - Saturation (SMM-S) Test: Do the different clinics agree on the structure of the
system?
SMM3 / Shared mental model 3 is the version of the model after modifications made during the Conceptual
Conceptual Model — Saturation (CM-S) Test: Does an additional clinic agree with SMM2 on the structure of the
Model system? (SMM3 is also referred to as the Conceptual Model).
M1 Simulation model 1 is the first quantitative version of the model. It is produced using SMM3 as the
blueprint.
Simulation model 2 is the version of the model after modifications made during the Simulation
SIM2 Model =Saturation (SIM-S) Test: Does an additional clinic agree with SIM1 on the structure and
behavior of the system?
SIM3 Simulation model 3 is the version of the model after policy analysis structures were added to SIM2.
Theoretical It is a visualization of the simulation model, bringing together the policy structure diagrams that
Model describe the simulation model.

This chapter describes the theory development process in 5 phases as below:

Section 3.2 mental model elicitation (Phase 1)

Section 3.3 the Conceptual Model (Phase 2)

Section 3.4 the Simulation Model (Phase 3)

Section 3.5 validation results (Cross-phase step)

Section 3.6 results of policy analysis as well as the Theoretical Model (Phase 4)
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3.2PHASE 1 - MENTAL MODEL ELICITATION

Model Participant | Team CLDs, SMM1 SMMZ c SMM? / | SIML QM2 SIM3 Theoretical
name CLDs  |Clinic CLDs °”Mceg Ta Model
ode

Progression of Progression of Simulation

nceptual Model Model

This section presents the individual-level variation observed in CLDs produced from mental

CLD Combination

model elicitation. Visual inspection showed wide variation among the 20 individual CLDs.
Clinicians and clinical staff members frequently mentioned a subset of variables. Clinicians and
clinician staff members varied as much with others in their profession as they did with
members of the other profession on the detail and dynamic complexity?®[181, 182] of their

CLDs. Overall, these CLDs contained:

e Variables (some had only a few variables, others had very many)

e Causal links (by definition, variables in CLDs have causal links)

e Causal chains (sometimes very short, sometimes long but without feedback loops)

e Time delays (fairly common)

e Feedback loops (few and often very short)

e Unlinked portions (sometimes one structure was not linked to another structure in the
CLD; i.e., not all variables were linked in some way to all of the other variables)

o Detail complexity (Figure 3.2 below provides two CLDs showing A to “something” to C.
The CLD on the left has detail complexity. Instead of B, it uses F, G and H which are

conceptually equivalent to the more aggregate concept of B).

Figure 3.2 Detail Complexity

A

[\
o

+

where F, G, H are all
different examples of “B”

where B is a more general
concept that encompasses F,
G, H,J,and K

Mild pruning of these CLDs resulted in simpler diagrams that continued to show wide variation

among individual CLDs[183-192].

28 See Hopper & Stave references for measures of CLD dynamic complexity.
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3.3PHASE 2 - CONCEPTUAL MODEL

SMM3 /

SMM1 SMM2 | Conceptual SIM1 SIM2 SIM3
Model

Progression of Progression of Simulation

Theoretical
Model

Model Participant [ Team CLDs,
name CLDs Clinic CLDs

onceptual Model Model

SIM-S

Here | present the results obtained while building the Conceptual Model. Section 3.3.1

CLD Combination

discusses the variation observed among these CLDs. Section 3.3.2 presents SMM2. Section
3.3.3 presents the Conceptual Model (SMM3) with a summary of description of its balancing

and reinforcing feedback loops.

3.3.1VARIATION WITHIN TEAM AND CLINIC CAUSAL LOOP DIAGRAMS

Model Participant | Team CLDs, SMM1 SMM2 CSMMi/ | ML SIM2 SIM3 Theoretical
name ClDs | Clinic CLDs °"M°e§ Ll‘a Model
ode

Progression of Progression of Simulation

onceptual Model Model

The 20 mildly-pruned individual CLDs were aggregated using CLD Combination into 10 Team

CLD Combination

CLDs, then into 5 Clinic CLDs, and finally combined and fully pruned into a shared mental
model called SMM1. The CLDs of clinician and clinical staff members on any one team
complement each other — many variables were discussed by both professions and new

linkages emerge when creating Team CLDs. Visual inspection of Team CLDs showed[183-192]:

e Common variables appear (e.g., flow, MA follows the patient throughout the visit/in
room with patient and clinician).

e Detail complexity could be pared down (e.g., in Team CLDs, several variables were
used to describe the specific tasks delegated to MAs including: charting, prescriptions,
referrals, returning phone messages, and following the patient. These are referred to
as Task-shifting in the Conceptual Model. They are referred to as MA Advanced Tasks
in the Simulation Model).

e Substantial variation persists (e.g., Team 09 has 20 variables and Team 06 has 3, where
only one variable overlaps).

e  While common variables are considered across teams, the causal links drawn to and
from a given variable will be different across CLDs (a brief example is presented in

Table 3.1 below).
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Table 3.1 below identifies the teams that discussed causes of MA turnover (other teams did

not mention it). Each team mentioned only 1 to 2 of the 5 causes mentioned across teams.

Table 3.1 Causes of MA Turnover in Team CLDs
Team ID
Causes of MA Turnover (variables) 03 04 05 07 08 09 10
MA as a transitory job (a stepping stone) X X X
MA as a dead end job X X
MA satisfaction X X X
MA capabilities (increased role, like a
medical student) X X
MA workload impacting MA satisfaction X

Visual inspection of Clinic CLDs also showed some common elements, with variation in content

and complexity[183-192].

Table 3.2 below presents the variation among Clinic CLDs, alongside SMM1. Clinic E identifies
the most elements in each category, yet even this clinic did not mention all of the elements
that are found in the shared mental model. Clinic A identified the fewest elements in each

category; however one variable, two links, one delay and one loop identified by Clinic A were

missed by Clinic E.

Table 3.2 Variation in Clinic Mental Models’ Match to Shared Mental Model
Elements Shared Mental | ClinicA | ClinicB | ClinicC | ClinicD | ClinicE
Model (SMM1)
Variables 22 10 15 13 11 19
Model Links (& 31 10 18 18 13 26
Polarities)
Delays 10 3 7 7 6 8
Specific Loops 8 1 4 5 3 6
to Task- Reinforcing 6 1 4 3 3 4
shifting
Variable Balancing 2 0 0 2 0 2
Other Loops 2 0 0 1 0 2
significant Reinforcing 1 0 0 1 0 1
loops Balancing 1 0 0 0 0 1
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3.3.2SHARED MENTAL MODEL

Model
name

Participant | Team CLDs,
CLDs Clinic CLDs

SMM1

Clinic CLDs were merged to produce one model, referred to as SMM1. Figure 3.3 below

CLD Combination

SMM3 /
SMM2 Conceptual
Model

Progression of

Conceptual Model

Theoretical

SIM1 SImM2 SIM3

Progression of Simulation

Model

Model

presents SMM2 (which is equivalent to SMM1 as no modifications were made during the

validation step between SMM1 and SMM2). | will not describe SMM2 as the next section

presents the final Shared Mental Model — SMM3. Here, | show SMM2 only to present the

result of this step in the process.
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Figure 3.3 SMM2 (After SMM-S Test was Applied to SMM1)
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3.3.3THE CONCEPTUAL MODEL

Model Participant | Team CLDs, SMML SMM3 c SMM?/ | SIM1 SIM2 SIM3 Theoretical
name ClDs  |Clinic CLDs °"M°eg ‘l'a Model
ode

Progression of Progression of Simulation

onceptual Model Model

SMM3 is presented in Figure 3.4 below. Revised links from validation of SMM2 (producing

CLD Combination

SMM3) are identified in maroon. The reasons for these revisions are presented in Appendix F.

No new variables were added, some were renamed. Removed links are not shown.

This model is the Conceptual Model. It is described, loop by loop, after the figure; first
focusing on balancing loops, then on reinforcing loops. In the visuals following the Conceptual
Model, some variables have been moved around for better visualization but the variables and

links remain intact (as presented in SMM3).

SMM3 represents the dynamic hypothesis of the participants whose mental models were
elicited in producing it. This hypothesis is that: in the short-term, the balancing loops
dominate and, after various time delays, the reinforcing processes have the potential to

overcome the balancing loops.
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Figure 3.4 SMMS3 — The Conceptual Model (After CM-S Test was Applied to SMM2)
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3.3.3.1.1 BALANCING LOOPS

Loop B1 (Figure 3.5 below) shows how task-shifting, in the short term, causes teams to have an
insufficient amount of time for each visit as this requires on-the-job training for MAs. On-the-
job training expands the time associated with each visit, making it more difficult to keep visits
on schedule. In order to address the issue of falling behind schedule, clinicians decrease the

amount of tasks shifted to MAs.

Figure 3.5 Insufficient Time in the Visit
- s + e
: o <— Visittime spent g Task shifting to
Having sufficient time training MAs MAS

allotted for the visit

Insufficient time in the visit

(24

B |
Visits on
schedule

Similarly, Loop B2 (Figure 3.6) shows how training pushes the clinician to shift fewer tasks.
Having less time in the visit, pushes the team to provide less comprehensive/coordinated care
in order to keep up with the patient volume, given their current level of capacity and task-
shifting. Additional capacity would be required to allow the team to shift tasks, with sufficient
time to train on those tasks, while at the same time continuing to provide comprehensive and

coordinated care to all their patients.

Loop B3 shows that there is another way to deal with this time and resources strain. What can
clinicians whose visit time is under pressure from time spent training, resulting from task-
shifting, do in the absence of additional capacity? They can allow other clinicians to see their
patients, decreasing continuity of care. In so doing, they are able to remain on schedule;
having sufficient time to train and to provide comprehensive/coordinated care to the patients

that they see.
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Figure 3.6 Insufficient time in the Day & Insufficient Resources
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Loop B4 (Figure 3.7) shows that the way in which clinician salary is calculated influences the
volume of patient visits. The higher the volume of visits, the higher the incentive pay (paid per
encounter); thus, the higher the clinician pay. Clinicians compare their pay to their desired

pay. The bigger the gap, the more they want to increase the volume of patients seen.

Figure 3.7 The Incentive Structure
Amount of
+ incentive pay _ +
Amount of
clinician pay

Incentives (Vol.)

@
Volume of patient

- visits per hour
Difference between ff
desired and actual pay

3.3.3.1.2 REINFORCING LOOPS

Loop R1 (Figure 3.8) shows that, as tasks are shifted and MAs eventually become more capable
at delivering the tasks that are shifted to them, trust increases. That trust is developed over

time as MA capabilities increase. As that trust is developed, clinicians are more willing to shift

tasks to MAs.
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Figure 3.8 Trusting the MA
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In loop R2 (Figure 3.9), participants indicated that team learning was crucial to the
implementation of sustained task-shifting. Over time, as tasks are shifted to MAs, MAs
become more capable in performing the requested tasks, increasing their job satisfaction. This
source of satisfaction combats the feeling of MA as a dead end job. Over time, improved job

satisfaction improves MA retention.

Having a consistent set of members on one’s team (i.e., a high level of MA retention) increases
the capacity of the care team; not by the physical addition of more MAs, but by the virtual
addition of capacity given that the existing MAs become more capable. This increase in
capacity increases the team’s ability to engage in task-shifting just as adding more MAs would

do.

In addition to performing newly-shifted tasks, MA Capabilities can also be increased using Off-
the-job MA training. However, this variable is only a small contributor to team learning (given

that it is not directly involved in the learning loop). Also, it takes time for these trainings to

sink in.
Figure 3.9 Team Learning
. ‘+/_\MA retention
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Team learning

satisfaction
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N MA as dead
' MA end job
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MAs “ »cap +
Off-the-job
MA training
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It is important to note that having the capabilities to function successfully in task-shifting is not
the only contributor to MA satisfaction. Loop R3 (Figure 3.10) shows another contributor:
having sufficient capacity to keep up with the work given. MAs are cautious about feeling
more satisfied with their job such that increases in capacity need to be sustained for long

periods of time in order to improve their satisfaction, hence the operative delay.

Figure 3.10 Sharing the Load

Capacity MA retentlgrn

Sharing the load
R3

| S MA

satisfaction
Loop R4 (Figure 3.11) shows how, over time, task-shifting results in MAs that are capable of
performing with increased task-shifting (i.e., increased Capacity) such that there is sufficient
time to provide the care that is needed in the visit and to keep visits on schedule. Just as
decreasing Visits on schedule results in decreased Task-shifting (B1), increasing Visits on

schedule results in increased Task-Shifting (R4).

Loop R5 indicates that increased capacity also gives the care team sufficient time to provide
more comprehensive and coordinated care to their patients. They are able to provide this care
to all of their scheduled patients — retaining continuity of care for their patients. Just as
decreasing visits on schedule results in decreased continuity (B3), increasing visits on schedule
results in teams that are able to deliver more comprehensive, coordinated visits for their own

panel of patients (R5).
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Figure 3.11 Sufficient Time
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Loops R6 and R7 (Figure 3.12) below show participants’ understanding of how resources are
generated to justify hiring new MAs to increase capacity. There are two things that generate
revenue (and thus contribute to the clinic profit margin): volume (R6) and wRVUs?°[193] (R7).
If WRVUs are constant, the volume of patient visits must be kept sufficiently high such that
there is a high enough clinic profit margin to hire new MAs. However, the clinic profit margin
also increases as more coordinated and comprehensive services are provided (increased

WRVUs).

2% An alternative to paying clinicians for the number of patient visits (or encounters), essentially paying
by volume, is paying by what happens in the visit. This is done using what are known as work relative
value units (WRVUs). These are a task-based incentive where each patient care task (service) delivered
is assigned a certain number of relative value units such that all tasks can be assigned to the same scale.
This scale is then used to calculate how much to pay a clinician for the services provided, as follows: the
number of patient care tasks (services) delivered in terms of wRVUs is multiplied by the compensation
per wRVU.
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Figure 3.12 Sufficient Resources
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3.4PHASE 3 - SIMULATION MODEL

Model
name

Participant
CLDs

Team CLDs,
Clinic CLDs

SMM1

CLD Combination

SMM3 /
SMM2 Conceptual
Model
Progression of

Conceptual Model

SIM1 SIM2 SIM3

Progression of Simulation

Model

Theoretical
Model

SIM1 is the first quantitative version of the model. It was produced using the Shared Mental

Model as a blueprint, starting with SMM2, and evolving as understanding grew in developing

iterations of SMM2 and finally SMM3. SIM1 was also iteratively improved via SDM standard

method validation tests as well as via the SIM-S validation method. When these validation

tests were passed, the simulation model was referred to as SIM2. Policy analysis structures

were added and tested, finally resulting in SIM3. Here, | present the Simulation Model (SIM3).

Section 3.4.1 provides a model overview and Section 3.4.2 describes the model structure in

greater detail.
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3.4.1MODEL OVERVIEW

This overview presents the main assumptions, time horizon, model boundary, and model

sectors.

3.4.1.1 PROBLEM STATEMENT & REFERENCE MODE

Figure 3.13 below reproduces the problem statement and presents the associated reference

modes.

The Conceptual Model variable which was selected as the reference mode for the PCT model is
visits with coordinated/comprehensive care (i.e., actual adherence to clinical guidelines, or,
comprehensiveness for short). This variable figures prominently in participants’ descriptions of
the ‘tensions’, combines the goals of two key aspects of primary care, and adequately
represents the hopes and fears of system participants. The reference mode shows the start-
up behavior and three potential futures: one hope and two fears. “Hope” is sustained, optimal
implementation. The first “fear” is sustained, sub-optimal implementation. The second “fear”

is reaching a sub-optimal level of implementation, and then regressing (failure).

Participants described a feeling of frustration with implementation; indicating that they had
expected a “step change” to occur where a change would quickly result in the desired
outcome. The reality was that, at the “now” point on the reference mode, much less progress
has been made than was expected despite the level of effort. Looking toward the future,
respondents feared that all the work would be for nothing and implementation would fail (#3
— fear “Failed PCT”). Respondents also feared that the progress might not ever reach the
highest level of comprehensiveness (#2 — fear “Suboptimal PCT”). In this scenario, the team
would settle into a new normal level of comprehensiveness beyond which they would feel
unable to progress. Finally, respondents hoped that with time, sustained optimal
implementation would be reached — resulting in full comprehensiveness (#1 — hope

“Successful PCT”).
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Figure 3.13 Reference Mode & Problem Statement
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Based on the findings of the scoping study, this dissertation conceptualizes the problem as follows:
Primary care transformation has been and continues to be an elusive target. In the short
term, it is hard and failure abounds. In the long term, some reach successful
implementation. We lack sufficient understanding of the structure of the ‘tensions,” which
contributes to failure and success modes, and of the policies that can impact this structure.

This dissertation seeks to develop a grounded, dynamic theory of PCT; in order to build
understanding of the key structures generating these hoped-for and feared observed behaviors.

3.4.1.2 TIME STEP & TIME HORIZON

The model time step is one month. This choice is supported by model development and
validation interviews where participants describe shifting tasks for a matter of months before
they feel they have sufficiently experienced the consequences and decide whether to continue
shifting those tasks. It also allows the model to focus on the longer-term trends and
accumulations involving PCT rather than on the shorter-term oscillations that even out over
the longer period. It also allows the model to focus on aggregate variables rather than, for

example, each type of capability and each type of task.

The model’s time horizon is 100 months (a little over eight years). The time horizon should be
long enough to extend “far enough back in history to show how the problem emerged and
describe its symptoms”[113] (p. 90). This time horizon was selected based on existing
information and modeling needs. The time horizon needs to be at least two to five years long
to match documented experiences regarding how long this transformation has taken at the
HSDO and at other organizations implementing the Patient-Centered Medical Home (PCMH).
Program documents described the transformation as having begun eight years prior to data
collection. Respondents interviewed described wrestling with the transformation for the
previous three plus years and they were still in the process of implementing. Recent studies

exploring the cost of PCT indicated that a time frame greater than two years is necessary to
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observe the effects of a transformation[194, 195]. As two to five years is the minimum or
average, then a longer time horizon is needed to explore the start-up dynamics and the full
potential effects. This longer time horizon allows for exploration of the dynamics involved in

stakeholder decisions and uncertainties in the Simulation Model.

Without task shifting, the PCT Simulation Model is in equilibrium: normal conditions are not
perturbed for the entire time horizon and standard clinic policies remain in effect (i.e., MDs

are paid via a fixed salary and benefits, and the clinic hires personnel when needed).

In task-shifting runs, the PCT Simulation Model retains normal conditions until month 10 when
a small pulse of task-shifting is introduced. This allows for verification that initial conditions
are equivalent between the task-shifting base run and sensitivity analysis as well as policy

analysis and scenario runs.

Furthermore, this longer time horizon allows time delays to play out prior to the end of the
time horizon. Any one time delay is no longer than a few months, but it is their interaction
within the complex feedback structure in the model that creates the longer-term impacts the

model intends to capture.

3.4.1.3 BOUNDARY

SIM3 models PCT at the level of a single, generic primary care team consisting of two clinicians,
their 2,000-person patient panels and several MAs. This is the smallest possible team where
capacity is shared across clinicians. The number of clinicians is held constant and their patient
panels are held constant. This model allows the user to more readily see the impact of policy
changes on PCT as clinicians decide how much to shift tasks. The number of MAs depends on

this decision.

This boundary is within the system scope set out in the problem statement, which refers to
“practices” or clinics. PCT can occur in practices ranging in size from a stand-alone clinic
operated by one clinician up to large HSDOs which also operate hospitals and insurance
companies. In all cases, the basic unit of service delivery is the clinician-led team. In the
model, personnel changes are a fraction of a person at a time. This aspect makes the model
more like a mid-size group practice or HSDO where the model team represents the average
experience of all the teams in the clinic. Thus, one person may leave a specific team at a given
point in time, but the average is that a fraction of a person has left when looking across teams

at the organization.
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Interviews and relevant literature also support this modeling choice. Both describe PCMH as a
clinician-led, team-based intervention[27]. The interviews provide three motivations for
considering a two-clinician team. First, this is a sufficiently accurate representation of the
number of clinicians per team in the real system at the HSDO. Second, this allows for
ambiguity about whether one of the clinicians is a non-physician clinician (i.e., a physician
assistant or nurse practitioner). Third, the HSDO policy of having two-clinician teams was
found to work well at bringing some stability to the workload. With this buffer in place, care
teams can pay attention to task-shifting long enough for it to succeed. Without it, task-shifting
will amplify, rather than attenuate the fluctuations in the daily workload. This greatly
increases the risk that the team will judge PCMH a failure. As a two-clinician team brings some
stability, it allows clinicians in the model to assess whether or not Task-Shifting is working for

them without conflating it with workload spikes generated for other reasons.

Sensitivity analysis of table functions explores effects of having a clinician team with varying
preferences (e.g., MD Caution — degree to which clinician hesitates in shifting tasks). Clinicians
in the model have “middle of the road” preferences regarding their practice. As clinicians lead
the team, MA preferences are focused on how they internalize their capabilities and capacity

(impact on satisfaction) and their desire to learn.

This model is initialized in equilibrium, with a full patient panel for both clinicians. Patients are
held constant. Clinicians are at capacity for the number of patients they see and they are
responsible for what happens to that panel of patients. Clinicians’ comprehensiveness is at
50% (Task-shifting is at zero). The team’s choices regarding comprehensiveness and task-

shifting are endogenous and the main focus of this model.

Model runs are not assumed to predict future timelines, but are intended to capture the
dynamics which lead to success and failure modes. This is in the tradition of the World
Dynamics study where study authors make clear®°[196] that the model’s power to predict the
results of policies diminishes as soon as the failure modes begin. The goal is to improve
understanding of the dynamics preventing teams from reaching successful PCT, without

claiming to also know what teams would do to reverse a failed implementation3!.

30 Because their goal was “’prediction’ only in the most limited sense”(p. 92) their research was
“primarily concerned with the correctness of the feedback loop structure .... that can be exactly
analyzed”(p. 122) and tested in order to build understanding of “the system’s response to alternative
policies”(p. 122). Therefore, they clarified, “what validity our model has holds up only to the point in
each output graph at which growth comes to an end and collapse begins”(p. 142).
31 Research on this problem would require a more detailed structure and adequate numerical data.
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The majority of the model’s structure is endogenous. These are concepts participants
described as being part of feedbacks in the Conceptual Model. Stocks are tightly-coupled.
Important MD- and MA-related policies (i.e., those related to MDs’ willingness to shift tasks

and MA’s turnover) are formulated as endogenous feedbacks.

A smaller portion of the model’s structure relies upon exogenous variables. These variables
are derived from operational thinking about how the feedback loops operate. For example,
the Conceptual Model does not show the number of MDs as being part of the tensions but it is
necessary to determining capacity of the team. Similarly, with patient panel size, participants
described feeling burdened by the workload but not by changes in or the size of the patient

panel; however, to estimate the workload we need to estimate the size of the patient panel.

There is another set of variables: those related to external policies impacting the system.
These are policies that are turned on and off exogenously by clinic management and payers
(i.e., clinic incentive policy and health insurance reimbursement). Participants described these

as outside the team’s control.

Listed below are components that were touched upon in the interviews but that are excluded

from the model:

e MD capability (e.g., systems thinking, problem solving, team leadership, team
management)

e MD satisfaction and turnover

e Competition between MDs for visits (e.g., when paid by the encounter)

o MA staffing policies (e.g., the on-call reserve pool, having capable MAs be reassigned
to work for specialty clinicians in the primary care clinic either permanently or
temporarily when specialty is short staffed)

e Alternative financing instruments used to support PCT (e.g., grants, pilot funding from
the larger HSDO or partners or payers)

e  MD practice variation on the team (i.e., when clinicians practice vastly differently, they
each take “their MA” or they work with all the MAs but require them to do things
“their way”)

e Scheduling polices (e.g., double-booked and triple-booked appointments)

e Team members that are not there 100% of the time (e.g., part-time clinicians,
residents)

e Impact on quality / rework when overworked
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e Other aspects of the health system (e.g., hospital readmissions — rework, and specialty
visits — seeing a specialist for services that could be done in primary care because they
are not currently done in primary care)

e After-hours work done by MD and over-time work done by MA

e Physical context (technology, clinic facility design, co-location with specialty and / or

pharmacy)

Broadly speaking, reasons for their exclusion are: (1) the impact of the variables are on a
shorter or longer time horizon than the current model (e.g., minutes within the day or on the
order of years rather than months) and (2) the concepts are context-specific and can be
broadly understood via the variables already in the model; including them as specific variables
is not needed to understand the problem. Future research looking at similar problems (e.g., at
the organization or community level) may need to consider these elements as well as other

time horizons.

Table 3.3 below presents a summary of key model variables or variable sets that are
endogenous as well as ones that are exogenous (i.e., constants in the model). Furthermore, it
presents variables that were considered and decided to be outside to the problem statement —

labeled excluded (i.e., not found in the model).
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Table 3.3

Model Boundary Chart

Endogenous

Exogenous

Excluded

Number of MAs

Number of MDs

MD capabilities

Number of encounters

Patient panel size

MD satisfaction

Number of tasks

Clinic hiring policies

MD turnover

MD task-shifting

Payer policies

MA staffing policies

Willingness to shift tasks

Clinic incentive policies

Variations in financing
specific roles on the team

Comprehensiveness
(adherence to clinical
guidelines)

MA external preferences (e.g.,
minimum acceptable level of
satisfaction)

MD practice variation

Training

MD external preferences (e.g., desired
salary)

Scheduling policies

MA capabilities

Patient complexity

Part time clinicians and
staff

Productivity Normal productivity Other health system
components

Employee compensation Normal workload Impact on quality /
rework

Patient satisfaction

Clinic overhead

After-hours work

MA satisfaction

Patient external preferences (e.g.,
initial patient satisfaction)

Clinic physical context

Facility revenue

MD / MD relationships

Clinic net profit

MA / MA relationships

Actual workload

Actual productivity

Patient satisfaction

Model constants are presented in Appendix F. That said, SIM3 is a small policy model rather

than a detailed calibrated one. Its goal is to better understand the problem and identify

policies that appear to successfully overcome the forces bringing about this problem —

therefore, behaviors are important but specific parameter predictions are not. The impact of

uncertainty in these constants was tested using sensitivity analysis.
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3.4.1.4 MODEL SECTOR SUMMARY

This section and the next both use sector maps[112] to orient readers to the sector, or portion
of the model being described. Following are three figures presenting: a simple diagram of the
sectors and their flows (Figure 3.14), a more complex view (Figure 3.15) and a view focusing on

where policies and preferences intervene (Figure 3.16).

The PCT Simulation Model has six sectors: personnel, work generation, tasks, capabilities,
satisfaction and accounting. There are three flows within and/or between sectors:
information, tasks and money. Information flows both within and between sectors. Tasks
flow from work generation into the tasks sector. Task-shifting occurs as non-technical tasks
are shifted from MDs to MAs; thereby converting them from MD non-technical tasks to MA-
Advanced tasks. Tasks also flow within the tasks sector as some get completed and others are
not ever completed (also referred to here as “not completed” or “shed”). Money is generated
as money is received for tasks completed and money is spent on personnel and facility cost.
MDs, MAs, and clinic management make decisions based on information received from the
various sectors (grey circles) — these are called information inputs and they inform the policy

functions®? that then inform the decisions in the model.

32 The term decision function is used interchangeably with the terms policy function and operating
policies in system dynamics and in this dissertation.
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Figure 3.14

PCT Model Sector Map — simple
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Figure 3.15

PCT Model $§ctor Map — more detailed
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Figure 3.16 PCT Model Sector Map — where policies and preferences intervene
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3.4.2A WALK THROUGH THE SIMULATION MODEL

This section describes the model structure in detail across five model sectors, as follows:

e For each model sector, a summary of how it fits into the overall model is presented
using sector map(s)[114] (p.113)[113] (p. 99-102)[112].

e Following this, the contents of the sector are described.

e Policy structure diagrams[114] (p. 162-163)[113] (p. 102) are used to communicate
the way stakeholders make key decisions in the context of PCT.

e Equations are then provided for the stock and accompanying flows shown in the

corresponding diagrams. Appendix F provides all model equations and constants.

The task-shifting decision (Task-Shifting Willingness) integrates information from several
system sectors. While this is not a model sector, it is described in Section 3.4.2.6. Following

this, calculated process and outcome measures in the model are identified in Section 3.4.2.7.

Where decisions involve a non-linear relationship between two variables, “table functions”
are used. These decisions could also be represented using stock and flow relationships.
Instead, the assumed nonlinear relationship between those two variables is represented via a
table function. | consider the shape of the table function, for the purposes of this problem-
specific model, to be static and to be a sufficient representation of the realism of this decision.

These general assumptions apply to all table functions in this model.

Table functions are derived from the literature and/or interview descriptions and operational
thinking. The latter process involved beginning with the s-shaped universal table
function[197]. Table functions, like model constants, are also subjected to sensitivity analysis

(see Section 3.5.5.1.9).
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3.4.2.1 PERSONNEL SECTOR

Figure 3.17 highlights the personnel sector on the sector map. The words in bold-italics
identify the information inputs and policies directly relevant to this sector. Figure 3.18

highlights the satisfaction sector and related information inputs on the detailed sector map,

since MA satisfaction informs MA turnover (and MA satisfaction is not described elsewhere).

The personnel on the team are the clinicians and MAs.
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Figure 3.17

Sector Map - Personnel Sector
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Figure 3.18

Detailed Sector Map — MA Satisfaction
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In a primary care clinic, clinicians lead the care team. They decide the pace of the work flow
and the level of comprehensiveness delivered. Staff members are hired to support the work of
clinicians on staff. For all of these reasons, clinicians are exogenous in the model. We assume
that there are two clinicians on the care team —the smallest care team. In model variables

and graphs clinicians are referred to as MDs (an artifact of the naming convention when the

model was built).

MAs work with clinicians to facilitate patient care during the visit (e.g., rooming the patient), to
deliver care (e.g., give shots, draw blood, do medicine reconciliation, administer clinical
surveys, patient education), and to do out-of-visit work (e.g., following up on patient messages

to the clinician, processing referrals, gathering patient reports from other sources).

Under pre-PCT conditions, the ratio between MAs and clinicians is 1:1, therefore the initial
number of MAs is 2, corresponding with the 2-clinician team in the model. That number
changes with MA hiring and MA turnover (see Figure 3.19 and Box 3.13). Two decisions
influence the inflow: the clinic hiring policy and clinicians’ preference regarding when MA
capacity is such that new hires are needed. Two decisions influence the outflow as well: MA
perspectives regarding the level of capacity and capability experienced. MA firing is not a part

of the model as it was not reported to be an important aspect of clinic operations and PCT.

33 In the model, clinical staff members are referred to as MAs. This was initially the case in the clinics
studied. However, during the transformation, not only did MAs grow in their capabilities (sometimes
even attaining added certifications), but additional staff members were also added to the team (e.g.,
care managers with varying backgrounds including nursing, social work and pastoral care; clinical
pharmacists; and transition navigators). For simplicity, the model refers to all of these individuals as
MAs, but it is important to understand that as MAs grow both in number and capability in the model,
they (in real life) grow in capability to a point, after which additional growth is attained by hiring people
with the different job titles above.
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Figure 3.19 Policy Structure Impacting the Number of MA
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Box 3.1 The Level of MAs

Stock

Number of MAs (MAs) = _[ [hiring of MA - turnover of MA] dt
Initial value = 2
Flows

hiring of MA (MAs/Month) = MAX(MA workforce sought - Number of MAs) / adjustment
time to hire MA,0)

turnover of MA (MAs/Month) = (Number of MAs - MA workforce wanting to stay) /
adjustment time for MA to leave

The rate of MA turnover is calculated as the difference between the number of MAs that
currently want to stay in their job and the total number of MAs. As fewer MAs want to stay,
turnover increases. The MA Workforce wanting to stay variable depends on their satisfaction,
which depends on MA Capability Appreciation and MA Capacity Tolerance. Both influence

satisfaction via table functions.

As this is the first time that a table function[197] is presented, | will briefly explain how it is
used in the model. The key is found in the name of the variable. Of the influences on MA
Satisfaction, a given change to MA Capabilities (x-axis, independent variable) has this effect (y-
axis, dependent variable) on the overall MA Satisfaction — it is sometimes also referred to as a
look-up table. At time t, the model takes the x-axis value and uses that to look up (find) the y-
axis value corresponding to that x-axis value on the table function. This y-axis value is then
used to impact the outcome (usually by multiplying the value this outcome would have

otherwise by this y-axis value) (see Sterman[113] (p. 551-563).
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MA Capability Appreciation: MA satisfaction increases with increased capabilities (Figure
3.20). The information input is the ratio of current to initial MA capabilities. There are 50
capability units initially, and the maximum is 100 capability units. Thus the initial ratio is 1 (50
current units divided by 50 initial units). This ratio increases MA satisfaction if it is above the
value under normal conditions (1,1) and decreases it when below. When this ratio is at its
maximum, it is expected to induce the maximum satisfaction value (it does so at (2, 1.33)). S-
shaped growth, the universal table function[197], is assumed between these values, where the

midpoint is half-way in between (1.25, 1.1666).

Figure 3.20 Effect of MA Capabilities on MA Satisfaction

14

1.2

0.8

0.6

0.4

0.2

Effect of MA Capabilities on MA
Satisfaction

0 0.5 1 15 2 25
ratio of Avg to Initial Capability of MA

143



MA Capacity Tolerance: MA satisfaction increases with increased capacity (Figure 3.21). The
information input is the ratio of MA-only tasks not completed divided by MA-only tasks
completed. When MAs keep up with the work, satisfaction from capacity is maximized (0,1).
As it gets harder to do so, their satisfaction decreases — | assume a linear decrease to zero

when a quarter of their MA only tasks are being shed (i.e., not ever completed).

Figure 3.21 Effect of MA Capacity on MA Satisfaction
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Both effects (Figure 3.20and Figure 3.21) are multiplied to each other and to the MA
satisfaction acceptable minimum (beyond which the MA would choose to leave the clinic;
0.75). This value then modifies the overall MA satisfaction via a goal-gap formulation with a
delay of 2 months (i.e., it takes 2 months for the MAs to adjust their level of satisfaction to the
new conditions that they experience) — this value is their perception of MA Satisfaction. It
influences turnover via a table function describing how their relative level of satisfaction

(relative to acceptable minimum) impacts their desire to stay.
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MA willingness to stay in MA job: MA willingness to stay increases with increased MA
satisfaction (Figure 3.22). The information input is the MA satisfaction ratio; the perception of
MA Satisfaction divided by MA satisfaction acceptable minimum, where the max ratio is 1.
This ratio sustains MA willingness to stay when it is above the value under normal conditions
(1,1) and decreases it when below. When this ratio is at its minimum, it is expected to induce
the minimum value for MA willingness to stay (it does so at (0,0)). S-shaped growth is

assumed between these values, where the midpoint is half-way in between (0.5,0.5).

Figure 3.22 Effect of MA Satisfaction Ratio on MA Willingness to stay in Job
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The rate of MA hiring is calculated as the difference between the number of MAs that are
sought and the total number of MAs. As more MAs are sought, hiring increases. However, MA
hiring only happens as long as the clinic manager is willing to hire them. If the clinic manager
decides not to hire even though MAs are needed, then the MA workforce sought is 0. Without
the MAX function in Box 3.1 above, this would result in hiring of MA being negative (incorrect).
Instead, if the clinic decides not to hire even when MAs are needed, then the MA workforce

sought is 0, causing hiring of MA to be 0 (correct).

The MA Workforce sought variable depends upon MD Workforce Planning and Clinic Hiring
Policy. The former is based on how many MAs the MD feels are needed in order to keep up
with the work. The latter is based on whether the clinic manager feels they have sufficient

funds to hire the additional MAs requested.
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MD Workforce Planning: Clinicians seek to increase MA workforce in response to strained
capacity (Figure 3.23). The information input is the workload ratio per MA for MA only tasks
(the actual divided by the normal workload for MA-only tasks). As long as the MA-only tasks
are at or below the total number of tasks that the MA can normally handle, there is no need to
hire more MAs — the current number of MAs suffices (0,1) (1,1). When there are more MA-
only tasks than can be done in the normal load of work, clinicians advocate for hiring more
MAs. The model assumes that MDs feel they cannot advocate for hiring more than 1.5 times
the current MA workforce (2,1.5); where initially they are hesitant but as the need increases
they request a higher level of hiring and then ultimately hesitate again, more this time, given

the difficulty of hiring close to the max. This hesitation is shown by S-shaped growth.

Figure 3.23 Effect of MA workload Ratio (MA-only Tasks) on MD’s Desired MA Staffing
Level
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Clinic Hiring Policy: This policy determines whether the MAs that clinicians request are hired

when needed (on) or only when the clinic net profit is at or above zero (off).
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3.4.2.2 WORK GENERATION SECTOR

Figure 3.23 highlights the work generation sector on the sector map. Patients are
“empaneled” —that is, each patient is assigned a particular clinician or team responsible for
overseeing their care. The number of patients in the model is calculated based upon the

number of MDs and the average patient panel size per clinician.
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Figure 3.24

Sector Map — Work Generation Sector
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Work is generated as patients seek care from this team. The total number of potential MD
tasks per month (100,000 technical and non-technical tasks) is calculated based upon the
number of patients and the average number of visits per patient per month, as well as a
conversion factor of 100 MD tasks per visit. The total number of potential MA tasks per month
(100,000 MA-only tasks) is calculated similarly, with a conversion factor of 100 MA-only tasks
per visit. Completing all potential patient tasks means a team completes 200,000 tasks per

month.

The clinicians determine the proportion of these tasks that are added to the docket — the
proportion of the 200,000 tasks that they intend for the team to complete. A month’s worth
of work equates to 25,000 tasks per clinician (12,500 technical and 12,500 non-technical tasks)
and another 25,000 tasks per MA (25,000 MA-only or non-technical tasks).

Under initial conditions, the size of the docket equates to the team completing 50% of the
potential MD tasks (where half of them are technical at 25,000 tasks and the remaining half
are non-technical at 25,000 tasks), and 50% of the potential MA-only tasks (50,000 MA-only
tasks). Each month, clinicians add these 50,000 MD tasks and 50,000 MA-only tasks to the

docket and the team completes them.

Clinicians manage the size of the docket (the rate of task inflow) to ensure that the team is
keeping up. Clinicians monitor two workload ratios in deciding when to trigger a change: (1)
for technical tasks, “proportion of MD workload that is technical” and (2) for non-technical
tasks, “proportion of MA workload that is MA-advanced tasks”. The first ratio begins at 50%,
the second ratio begins at 0%. An increase in either ratio signals to clinicians that the team is
ready to improve their comprehensiveness or “actual adherence” to clinical guidelines. As the
team demonstrates the ability to complete these tasks without getting behind on everything
else, then the clinicians allow the size of the docket to increase. For each of these two types of

tasks, when one task is added to the docket it also adds one MA-only task to the docket.

To reach full adherence, tasks must be added to the docket. However, under normal
conditions, clinicians and MAs are at capacity, and additional tasks cannot be added until some
of that work is shifted, specifically, from clinicians to (additional) MAs. Thus, with a small task-
shifting policy kickstart at month 10, MAs are given a small amount of the non-technical tasks
on the clinicians’ docket. This allows clinicians to see that MAs are starting to do them (on the
outflow side) and that MAs have capacity to do more MA-Advanced tasks (i.e., “proportion of
MA workload that is MA-Advanced tasks”). This can only happen successfully as more MAs are
hired since the existing MAs are already at capacity. As this proportion is small, the MD

decides to ‘sign the team up’ to do more Non-Technical Tasks. In so doing, he is increasing the
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fraction of Non-Technical tasks, and thus the “actual number of Non-Technical tasks” that can

flow in to the MA’s stock of MA-Advanced tasks to be completed.

Comprehensiveness (MA-advanced tasks): Clinicians add non-technical tasks to the team’s
docket with an increase in the corresponding workload ratio (Figure 3.25). The information
input is the “proportion of MA workload that is MA-advanced tasks”, starting at 0%, with a
goal of having 33% of MA tasks being non-technical ones. At this point, clinicians add all non-
technical tasks to the docket (twice the initial fraction; (0.33, 2)). Between these two points, a
weak exponential approach to the value 2 is assumed — clinicians are eager to become more
comprehensive at first and gradually become more concerned with the ability of MAs to keep
up, the more the workload is taken over by MA-advanced tasks. Beyond 0.33, clinicians pull

back to 0.33 because passing it means that MAs are less able to perform their MA-only tasks.

Figure 3.25 Effect of MA Backlog on inflow of nonTech Tasks
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Similarly, for MD Technical Tasks — the effect table depends upon the “proportion of MD

workload that is technical” because this is the trigger to adding more tasks for the MD.

150



Comprehensiveness (Technical Tasks): Clinicians add technical tasks to the team’s docket with
an increase in the corresponding workload ratio (Figure 3.26). The information input is the

Ill

“proportion of MD workload that is technical”, starting at 0%, with a goal of having 100% of
clinician tasks being non-technical ones. Clinicians do not add technical tasks to the docket
unless technical tasks make up 50% or more of their workload ((0,1) up to (0.5, 1)). They don’t
take any away since that would mean less than average care and malpractice. Beyond this
point, clinicians add technical tasks to the docket until their workload consists entirely of

technical tasks and they have added all possible technical tasks to the docket (1,2). A straight-

line increase is used.

Figure 3.26 Effect of proportion of Tech tasks on inflow of Tech tasks
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Under full task-shifting, 100% of the potential tasks are added to the docket and completed.
Each month, clinicians add 50,000 technical tasks, 50,000 non-technical tasks and 100,000 MA-
only tasks to the docket. The two clinicians complete the technical tasks (a full load of 50,000
tasks for 2 clinicians) and MAs complete the non-technical tasks as well as the associated MA-
only tasks (a full load of 150,000 tasks for 6 MAs). The number of tasks per person remains
25,000 tasks.
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Box 3.2 and Figure 3.27 below point out the structure for changing the inflow of Technical
Tasks. A similar structure is used for the inflow of non-technical tasks (the difference is the
addition of MD willingness as a modifier determining whether these tasks go to clinicians or

MAs).

Box 3.2 Inflow of Technical Tasks

Flow

inflow of Tech tasks (Tasks / Month) = total number of potential T and nT tasks per
month*Fraction Tech Tasks

Auxiliary Variable

Fraction Tech Tasks (dimensionless) = initial fraction Tech tasks per visit*effect of proportion
of Tech tasks on inflow of Tech tasks

Figure 3.27 Structure for Modifying Technical Tasks
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3.4.2.3 TASKS SECTOR

Figure 3.27 and Figure 3.29 below highlight the tasks sector on the simple and more-detailed
sector maps respectively. Tasks generated in the work generation sector flow into this sector.
Clinicians’ decision®* regarding task-shifting determines how many non-technical tasks they
shift to MAs. This decision also generates training tasks for both clinicians and MAs. In this
sector, tasks are completed, and (sometimes) tasks are shed (i.e., never completed). There are
two penalties for task shedding: 1) patient satisfaction decreases since patients are not

receiving what they have come to expect® and 2) patient health may decrease®.

34 This decision is discussed in detail in Section 3.4.2.6 Task-shifting Willingness.
35 See Section 3.4.2.6.3 Patient Satisfaction Ratio
36 patient health depends on how task shedding impacts overall adherence to clinical guidelines. It
would only be worse if shedding caused less than 50% adherence (the initial value).
153



Figure 3.28

Sector Map — Tasks Sector
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Figure 3.29

Detailed Sector Map — Tasks Sector
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Comprehensiveness desired or “MD willingness to adhere to clinical guidelines” is equal to the
sum of two proportions: (1) technical task added to docket over technical tasks possible and
(2) non-technical tasks added to docket over non-technical tasks possible. The maximum value
is 1, indicating that clinicians are allowing all technical and non-technical tasks onto the
docket. The value under normal conditions is 0.5 (0.25 fraction Technical tasks and 0.25

fraction Non-Technical tasks).

Comprehensiveness delivered or “actual adherence to clinical guidelines” is equal to the sum of
three proportions: (1) technical task completed over total possible, (2) non-technical tasks
completed over total possible (whether completed by clinician or clinical staff member), and
(3) MA-only tasks completed over total possible. The maximum value is 1, indicating that all
the care needed to be comprehensive is being delivered. The value under normal conditions is
0.5 (0.125 fraction Technical tasks, 0.125 fraction Non-Technical tasks and 0.25 fraction MA-

only tasks).

Initially, when the team is delivering 50% of the tasks patients need, there are 800 patient
encounters per month. Under 100% comprehensiveness (with 4 additional MAs and full task-
shifting), there are 1600 patient encounters per month. The length of encounters does not
change (20 minutes each). Encounters are made up of in-visit patient care tasks (they do not

include training tasks or out-of-visit work).

Box 3.3 below presents the equations associated adherence to clinical guidelines.

Box 3.3 Adherence to Clinical Guidelines

Comprehensiveness Desired

MD willingness to adhere to clinical guidelines (dimensionless) = Fraction nonTech Tasks +
Fraction Tech Tasks

Comprehensiveness delivered

actual adherence to clinical guidelines (dimensionless) = total wRVU tasks completed /
total number of potential wRVU tasks per month
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3.4.2.3.1 MA-ONLY TASKS

Figure 3.30 below presents the operating policies influencing MA-only tasks. As mentioned
just above, for both technical and non-technical tasks, when one of these tasks is added to the
docket it also adds one MA-only task to the docket, thus “inflow of MA-only tasks” is
determined by clinicians’ desired comprehensiveness. There are two outflows: (1) tasks
completed and (2) tasks that are shed (never completed). This structure for tasks completed is
used for the other task types as well. Task shedding operates in the same way for MA-only

and MA-advanced tasks; however, it operates differently for clinician shedding of tasks.

Figure 3.30 Policy Structure Impacting Backlog of MA Only Tasks
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Task shedding is influenced by the desire to remain on schedule — when the actual completion
rate is longer than the desired completion rate, the additional tasks are shed. MAs need to
shed these tasks to keep up with clinicians on their team. MA-only tasks are shed only when

MAs are behind schedule; thus, a MAX function is used.

The normal workload is three months’ worth of tasks. A table function is used to express how

MAs react to the level of work they have.
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Workload Ratio (MA-only tasks): When the backlog is significantly higher than the normal

workload for this task (beyond (1.4,1) MAs are stressed) or lower (below (1,1) MAs are bored),

tasks are completed more slowly (lower productivity) (Figure 3.31). Before (1,1), we assume a

linear increase from (0,0) — as they become busier, they become more productive. Between

(1,1) and (1.4,1), MAs are a bit more stressed such that they are slightly more productive at

these tasks.

exponential

As the ratio continues to increase, the productivity falls (more slowly via

approach). This is because the MAs are experiencing a high level of stress as they

are more overworked. This table function shape is based on previous work on

productivity[113, 198] (p.577-578,582)[199].

Figure 3.31
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Box 3.4 below presents the equations associated with this stock.

Box 3.4 The

Level of MA Only Tasks

Stock

Flows

Backlog of MA Only Tasks (tasks) = I [inflow of MA Only tasks - MA Only tasks completed by
MA - MA Only tasks not completed] dt

Initial value = 150,000

inflow of MA Only tasks (tasks/Month) = total number of potential MA Only tasks per
month*MD adherence to clinical guidelines

MA Only tasks completed by MA (tasks/Month) = Number of MAs*productivity per MA for
MA Only Tasks

MA Only tasks not completed (tasks/Month) = MAX(desired MA completion rate of MAonM
tasks-MA Only tasks completed by MA,0)
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3.4.2.3.2 MD TECHNICAL TASKS

The operating policies influencing MD Technical tasks and associated equations (Figure 3.32

and Box 3.5) are similar to those operating for MA-only tasks.

Figure 3.32 Policy Structure Impacting the Level of MD Technical Tasks
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Box 3.5 The Level of MD Technical Tasks

Stock
Backlog of Tech Tasks MD Only (tasks) = _[ [inflow of Tech tasks - shedding Tech Tasks - Tech
tasks completed by MD] dt
Initial value = 75,000

Flows

inflow of Tech tasks (tasks/Month) = total number of potential MD tasks per
month*Fraction Tech Tasks

Tech tasks completed by MD (tasks/Month) = Number of MDs*Productivity per MD for Tech
Tasks

shedding Tech Tasks (tasks/Month) = effect of time to complete backlog Tech tasks on
shedding*Backlog of Tech Tasks MD Only

Technical Tasks are generated when clinicians see patients. The number of Technical tasks

generated depends on their desired comprehensiveness.

Differences between the stock of MA-only tasks and that of Technical tasks is that, for
clinicians: (1) the inflow is only influenced by the desired comprehensiveness specific to
Technical Tasks and (2) the shedding policy involves a table function. Clinicians also shed tasks

when they are behind; however, they determine how many tasks to shed differently from
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MAs. As the leaders of the team, they determine what service delivery delay is acceptable and
how to deal with it when the delay is beyond that point. A table function represents clinicians’
choice regarding when to shed tasks. This same table function is also assumed for non-

technical tasks performed by clinicians.

Task Shedding (for clinicians): When clinicians are within the normal three-month delivery
delay, they do not shed clinician tasks (thus (0,0) and (1,0) (Figure 3.33). Shedding occurs only
when clinicians are beyond the service deliver delay value that they deem acceptable. The
amount of shedding increases beyond this point. The table function assumes that clinicians
are willing to accept a delay twice that of the normal delay (2,0). Beyond this point they shed
some tasks. When they are three times the normal delay, they shed 10% of their backlog of
technical tasks. When they are four times the normal delay, they shed 20% of their backlog of

technical tasks.

Figure 3.33 Effect of Time to Complete Backlog Tech Tasks on Shedding
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3.4.2.3.3 MD NON-TECHNICAL TASKS

The operating policies influencing non-technical tasks to be performed by clinicians®’ (Figure
3.34 and Box 3.6) are similar to those described just above. Non-Technical Tasks are
generated when clinicians see patients. The number of Non-technical tasks generated
depends on the desired comprehensiveness of clinicians. Then, from those tasks placed on the
docket, a portion (between 0 and 100%) flow to the MA depending on the clinicians’
willingness to shift those tasks (Section 3.4.2.6). Once on the MA’s docket, these tasks are
now called “MA-advanced tasks”. Also, when behind, a portion of MD Non-technical tasks are

shed (using the same shape table function as that for Technical tasks, not shown).

Differences are that, here, the inflow is influenced by the desired comprehensiveness specific
to non-technical tasks. Also, when MD willingness to shift tasks is above zero, the inflow is

reduced by the proportion of tasks that are shifted to MAs.

Figure 3.34 Policy Structure Impacting the Level of MD Non-technical Tasks
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37 When these tasks are performed by MAs, they are called MA-advanced tasks.
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Box 3.6 The Level of MD Non-technical Tasks

Stock

Flows

Backlog of MD nonTech Tasks (tasks) =I [inflow of nonTech tasks to MD-nonTech tasks
completed by MD-shedding nT tasks] dt

Initial value = 75,000

inflow of nonTech tasks to MD (tasks/Month) = (1-willingness to Task Shift)/max
willingness*actual number of nonTech tasks per month

nonTech tasks completed by MD (tasks/Month) = Number of MDs*productivity for nonTech

Tasks

shedding nT tasks (tasks/Month) = effect of MD time to complete nT tasks ratio on shedding

of those tasks*Backlog of MD nonTech Tasks
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3.4.2.3.4 MA-ADVANCED TASKS

The operating policies influencing MA-advanced tasks (the non-technical tasks to be
performed by MAs) are similar to the three policies described for the non-technical tasks
performed by clinicians (Figure 3.35; Box 3.7)). The difference is that, when MD willingness to
shift tasks is above zero, the inflow is increased by the proportion of tasks that are shifted to
MAs. Also, as mentioned for MA-only tasks, MAs shed tasks when their current task
completion rate is lower than the desired completion rate. In other words, there is no table
function through which they interpret and adjust how much to shed like there is for clinicians.
While clinicians have the authority to use their judgement in making this choice, MAs do not —
they can only choose to never complete tasks in order to keep up with the team’s desired pace

of work.

Figure 3.35 Policy Structure Impacting the Level of MA-advanced Tasks
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Box 3.7 The Level of MA-Advanced Tasks

Stock
Backlog of MA Advanced Tasks (tasks) =I [inflow of MA advanced tasks to MA - MA
Advanced tasks completed by MA - MA Advanced tasks not completed] dt
Initial value =0

Flows

inflow of MA advanced tasks to MA (tasks/Month) = actual number of nonTech tasks per
month*willingness to Task Shift / max willingness

MA Advanced tasks completed by MA (tasks/Month) = productivity per MA for MA
Advanced Tasks*Number of MAs

MA Advanced tasks not completed (tasks/Month) = MAX( desired MA completion rate for
MAadvanced tasks - MA Advanced tasks completed by MA, 0)
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3.4.2.3.5 TRAINING TASKS

MA-only Tasks do not require on-the-job training, while MA-advanced tasks do. This training
prepares the clinical staff member to perform MA-advanced tasks as a member of the care
team. This training involves problem solving as a team, learning how to perform new tasks, as
well as learning how that team specifically prefers the task done. When MA-advanced tasks
can only be performed legally by a licensed professional who is not an MA, there would be a
new clinical staff member of that profession (e.g., a PharmD) joining the team for a fraction of
their time. These are all called MAs in the model as (in the model) “MA” refers to all clinical

staff members.

MA training is influenced by hiring as well as turnover. Training for those newly-joining the
team is added to the backlog. Training for those who have left is removed from the backlog.
MA training is completed as the team performs these tasks, using the same Workload Ratio
structure described for the tasks above. When clinicians choose to increase or decrease task-

shifting, the training associated with that change is added to/removed from the backlog.

Clinicians spend time training MAs (therefore they have a backlog of training tasks). MAs are
also spending time being trained by clinicians (therefore they also have a mirrored backlog of
training tasks). Figure 3.36 presents the policy structure impacting the backlog of training

tasks for clinicians (note that the same structure impacts training tasks for MAs).
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Figure 3.36

Policy Structure Impacting Backlog of Training Tasks (MD)
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Workload Ration (training tasks): There is a slight modification for the Workload Ratio policy
for completing training tasks (Figure 3.37). The assumption changes such that for all values
below 1, the effect on productivity is 1. In other words, whereas with their regular tasks
clinicians and MAs are assumed to be less productive if they have less to do, with training
tasks, they are 100% productive even if they only have a few to do. This is because they are
assumed to be engaged, actively involved in wanting to and completing the training as soon as
possible so that task-shifting can be successful. After the (1,1) point, the effect table shape
remains the same as for other tasks because being overburdened is assumed to have the same

effect regardless of the type of task.

Figure 3.37 Effect of workload ratio for MD Training Tasks on productivity
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Box 3.8 below presents the equations associated with this stock. Note the first flow equation
matches the outflow in Figure 3.37 above, the other flow equations below are all collapsed in
the figure into the “change in training tasks to be done by MD” flow. In the model, they are
separate flows. The first two are co-flows which relate to the Personnel Sector (i.e., MA

Workforce). The second two relate to changes in task-shifting.
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Box 3.8 The Level of Training Tasks (MD)

Stock

Flows

Backlog of OnThelob Training Tasks (tasks) =I [change in training needed from MD for
existing staff of MAs - on the job training tasks completed by the MD - Training tasks shed
due to MA turnover + training needed due to MAhewhire for MD to do] dt

Initial value =0

on the job training tasks completed by the MD (tasks/Month) = Number of
MDs*productivity of training tasks per MD

training needed due to MAnewhire for MD to do (tasks/Month) = Fraction nonTech Tasks
shifted to MA*training per unit fraction change per MA*hiring of MA

Training tasks shed due to MA turnover (tasks/Month) = average backlog of training tasks
per MA*turnover of MA

inflow of training for existing staff due to upshifting of tasks to be done by MD
(tasks/Month) = Number of MAs*training per unit fraction change per MA*MAX( change in
Fraction nonTech Tasks shifted to MA, 0)

outflow of training for existing staff due to downshifting of tasks to be done by MD
(tasks/Month) = MIN( change in Fraction nonTech Tasks shifted to MA, 0)*Backlog of
OnThelob Training Tasks for MD

Auxiliary Variables

change in Fraction nonTech Tasks shifted to MA (Dimensionless / Month) = (Fraction
nonTech Tasks shifted to MA - Cumulative Fraction of nonTech Tasks shifted to MA) / time to
change fraction of nT tasks shifted to MA

Constant

training per unit fraction change per MA (tasks/MAs) = 50000
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3.4.2.4 MA CAPABILITIES SECTOR

Figure 3.38 and Figure 3.39 highlight the MA Capabilities sector on the sector map. There are
no bold/italics items since capabilities are gained from the training tasks that are completed in
the tasks sector. Decisions influence MA capabilities indirectly through assignment and
completion of training tasks (described in the previous section). Once completed, the on-the-
job training tasks are translated into capabilities. The overall level of MA capabilities for the
team is also influenced by changes in the MA workforce. Figure 3.40 below presents the
operating policies influencing MA Capabilities: MA workforce, speed of uptake and capabilities

learning curve. Box 3.9 presents the associated equations.
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Figure 3.38
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Figure 3.39

Detailed Sector Map — Capabilities
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Figure 3.40 Policy Structure Impacting MA Capabilities
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Box 3.9 The Level of MA Capabilities

Stock

Flows

MA Capabilities (Capabilities) =I [new hire capabilities + rate of MA Capability gain -
turnover capab loss] dt

Initial value = initial capability of MA new hire * Number of MAs

new hire capabilities (Capabilities / Month) = initial capability of MA new hire*hiring of MA

rate of MA Capability gain (Capabilities / Month) = (on the job training completedMA /
training tasks needed to gain capability)*effect of MA capab ratio on change in MA capab

turnover capab loss (Capabilities / Month) = average capability per MA*turnover of MA

Under normal conditions, MAs have 50 capability units which correspond to the 50% of the

potential MA-only tasks being performed. When new MAs are hired, they too come in with 50

capability units. When they leave, they take all their capability units with them.

Under task-shifting, as MAs are given MA-advanced tasks, on-the-job training is also being

performed. As training is completed, MAs are learning and thus becoming more capable at

performing these tasks. Under 100% task-shifting, once the MAs have completed all the

training tasks, they are 100% capable (reaching the max 100 capability units/MA). Any new-

hire MAs come in with the standard 50 capability units and training tasks are triggered for

them so that they too gain in capability to match the current level of task-shifting.
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This capability gain is calculated by converting the training tasks completed into units of
capability. This conversion is modified by the speed of uptake (learning). In the model, this is
set to a constant value — “training tasks needed to gain capability”. A second modifier is the
“Capabilities Learning Curve” which represents the growing difficulty of gaining new
capabilities at higher levels of already-gained capabilities. Initially, easier tasks will be shifted
(needing fewer training tasks). As task-shifting continues, harder tasks will be shifted (needing
more training tasks). The conversion factor between training tasks completed and capabilities
gained is a constant. This modifier adjusts the inflow of capabilities due to training tasks

completed to account for the difference in difficulty of tasks shifted over time.

Capabilities Learning Curve: Initially, MAs have 50% of the total capabilities possible, and
training translates to new capabilities at the fullest amount possible (0.5,1) (Figure 3.41). As
MAs approach 100% of the total capabilities possible, it takes more training to gain each
additional unit of capability. Finally, as MAs reach 100% of the total capabilities possible,

training no longer increases capability (1,0).

Figure 3.41 MA Capabilities Learning Curve (effect of MA capab ratio on change in MA
capab)
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3.4.2.5 ACCOUNTING SECTOR

Figure 3.42 and Figure 3.43 highlight the Accounting sector on the sector map. The revenue
from patient tasks performed (the “services delivered”) as well as the associated facility costs
determine the amount of payment received from payers. The clinic incentive policy
determines the payment made to clinicians for their work. The net of revenue and expenses
drives the clinic profit margin, which is summed over time to calculate the cumulative revenue.
Figure 3.44 below presents the operating policies influencing monthly clinic net profit and

cumulative revenue. Box 3.10 presents associated equations.
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Figure 3.42
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Figure 3.43

Detailed Sector Map — Accounting Sector

Personnel Sector
MDs

Information Inputs

Tasks Done vs Shed

Service Delay Ratio
MA capability

~ N - oV -l Task Shifting "
= Policy Function ] (Non-Tech Tasks)
. q Information Input .
s Task Shifting Willingness

Patients
Total Tasks Added to Docket

_){ Work Generation Sector

Capabilities Sector

Training

. Tasks N

MA Only Tasks

MD Technical Tasks
Non-Technical Tasks

. MA Advanced

. MD Non-Technical
Training Tasks done by MAs
Training Tasks done by MDs /,-

Task Shifting
Actual Adherence

MA Capability _}“ ’

Tasks Completed

Tasks Shed

MD Technical Tasks

Non-Technical Tasks

''''' - Satisfaction Sector i kil o
Patient Satisfaction ‘ Comprehensiveness
il T . MA satisfaction Tasks Completed
‘.. . Tasks Sector Encounters /
-~ - i
- ‘ et Mot __//
T, - % -

£ Workload Ratios

I. MA Satisfaction
0 Patient Satisfaction
U MD monthly salary

Clinic net profit

\
N -
LY

MA Salary

-

MD Salary
- gt

Clinic Net Profit

Management
i Clinic Incentive Policy
Clinic Hiring Policy
\ Task Shifting Policy

Accounting Sector

Revenues
Expenses

Facility Cost

Key

e tasks
<= - = information

«€=sss money

Note: A color-filled box denotes the sector
described in this section. Bold-italics denotes
model components directly impacting this sector.

4

Payers
Payment Policy

175



Figure 3.44 Policy Structure Impacting the Accounting Sector
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Box 3.10 Clinic Finances

Stocks
Avg monthly clinic net profit (USD/Month) = _[[net change in avg clinic profit] dt
Initial value = net monthly profit or loss

cumulative revenue (USD) = Iadditions to cumulative revenue dt

Initial value=0

The net change in average monthly clinic net profit is calculated by subtracting the total
monthly expenses from the total monthly revenue. A three-month running average is then
calculated as this is the perceived monthly clinic net profit (as perceived by the clinic manager

determining whether to hire more MA:s).

The total monthly revenue is calculated by adding up all the sources of revenue — the
revenue generated by the team and the facility revenue. The revenue generated by the team
is a function of the number of patient care tasks (services) delivered, the number of wRVUs
associated with each task type, and the compensation per wRVU (as determined by the payer
and the average visit relative complexity). The revenue generated by the facility charges is
calculated in a similar manner, this time with the facility compensation per wRVU (as

determined by the payer and the average visit relative complexity).

Each facility negotiates payment contracts with payers. The US Centers for Medicare and
Medicaid Services determines payment policy for Medicare and Medicaid insurance plans.
Their negotiated rates influence rates in the rest of the market. This level of complexity is not
central to the problem statement and thus not included in the model. One amount was used
as an approximation: the Centers for Medicare and Medicaid Services payment for a complex
visit located in an office (5208). This amount is then adjusted down in the model, to represent

a more typical primary care practice (where not all visits are complex visits).

| account for random variations in the environment causing uncertainty in the total monthly
revenue. The total monthly revenue is multiplied by “pink noise in revenue generation”3,
Pink noise is a type of noise using a number representing a random underlying process that is
generating a disturbance that has some inertia such that “future values of the disturbance
depend on its history”[200] (p. 68). A detailed description of pink noise is provided by

Sterman{113] (p. 395,913-924). | used the template structure provided in Vensim[177]. The

38 |t is a stock where the accompanying flow, the change in pink noise, is determined based on an
exogenous constant — the standard deviation of revenue generation.
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need for this structure was uncovered in Phase 4 stakeholder dialogue and is described in

greater detail in validation.

The total monthly expense is calculated by adding up all the sources of expenses — personnel

and clinic overhead cost.

Clinician cost is calculated based on the clinic’s incentive policy (salaried, wRVU-based or
encounter-based) and the associated measure (number of clinicians, wRVUs completed, or
number of MD encounters). Of course, there is also the opportunity to blend these incentives.

Box 3.11 below presents the equations for clinician salary under each policy.

Box 3.11 Clinician Payment Policies

Resulting Costs

MD cost per month based on fixed salary (USD/Month) = salary and benefits per MD per
month * Number of MDs

MD cost per month based on wRVUs (USD/Month) = MD compensation for Tech tasks per
month + MD compensation for nonTech tasks completed by MD per month + (adjusted
benefits per MD per month*Number of MDs)

MD cost per month based on encounters (USD/Month) = (number of MD encounters per
month * adjusted incentive pay per encounter) + (adjusted benefits per MD per month *
Number of MDs)

MA cost is calculated in a similar manner. MAs were salaried in the HSDO. For a period of
time, they were paid extra for additional capabilities. Encounter-based compensation was not
reported an option for MAs. As actual adherence increased, teams required clinical staff
members of new professions, with higher salaries than MAs. To account for this, the model

uses WRVU-based compensation for MAs.

Clinic overhead cost was calculated based on the assumed overhead for a clinic with two
clinicians treating the most complex patients multiplied by the average visit relative

complexity.

The number of MD encounters (Box 3.12) is a measure of the amount of time that clinicians
spend with patients delivering technical or non-technical tasks. This number is calculated
based on the number of patient tasks completed (i.e., not training tasks), the time per task, the
length of each encounter, and the proportion of staff work that is in-visit work. The values are
calibrated based on the literature and such that the MD salary under normal conditions is the

same whether paid via the salary, MD encounters or wRVUs clinic incentive policy.
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Box 3.12

The Level of MD Encounters

Stock

Flow

Cumulative number of MD encounters (encounters) = _[[number of MD encounters per
month] dt
Initial value =0

number of encounters per month (encounters/Month) = time for all patient tasks per
month/encounter length*proportion of staff work that is in visit work
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3.4.2.6 TASK-SHIFTING WILLINGNESS

Figure 3.45 highlights the location of task-shifting willingness as well as its information inputs
(in bold-italics) on the detailed sector map. Figure 3.46 and Figure 3.47 do the same for MD

salary and patient satisfaction, respectively.
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Figure 3.45 Sector Map - Task-shifting
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Figure 3.46 Sector Map — MD Salary
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Figure 3.47

Detailed Sector Map — Patient Satisfaction
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Clinicians’ willingness to shift tasks changes depending on four policies: Perceived MA
Capability Ratio, MD Salary Ratio, Patient Satisfaction Ratio, and MD Caution (on the left of
Figure 3.48; Box 3.13). However, the model is initiated in equilibrium. The model is disturbed

by implementation of the Task Shifting Kickstart policy (on the right of Figure 3.48).

As a brief summary, this initial one-time pulse of willingness or “task-shifting kickstart” is
caused by management: requesting that clinicians try a little task-shifting. They may do this by
simply requiring the pulse of task-shifting that is desired and/or, for example, by
communicating the PCT aims, structural changes involved, and the worse-before-better
behavior (see Radzicki[201]) that is anticipated, touting benefits to patient health and clinic
efficiency. Management may do this, and clinicians may agree, regardless of whether other
supportive policies are in place. In all cases, the clinicians on the team are sufficiently
convinced about the merits and feasibility of task-shifting that they are now somewhat willing

to try it.

Simplistically speaking, task-shifting generates training tasks, as well as patient care tasks. As
training is completed, those tasks are replaced by more patient care tasks. This does not mean
that more patients are seen, but that the same patients are receiving more services — more

adherence to clinical guidelines (see Section 3.4.2.2 Work Generation).
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Figure 3.48
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Box 3.13 The Level of MD Willingness to Task-shift (TS)

Stock
willingness to Task Shift (willingness) = I [change in rate of willingness to task shift + policy
kickstart] dt
Initial value =0

Flows

change in rate of willingness to task shift (willingness/Month) = willingness to Task Shift *
effect of MA Capability on MD willingness * effect of MD monthly salary on MD's willingness
* effect of willingness ratio on further changes to willingness * effect of perceived patient
satisfaction on MD willingness / time to develop willingness

policy kickstart (willingness/Month) = PULSE( TS start date, 1) * kickstart amount

The 1-month-long duration of this pulse could be thought of as the initial enthusiasm around
the beginning of PCT which endures after the first announcement, but wears off as work
returns policy-making back to normal conditions. Clinicians are enthusiastic to begin PCT
because of its promise to allow them to practice closer to their own self-image as providing
the ideal primary care for their patients. The stock of willingness to task-shift adequately
represents this enthusiasm for PCT because, given they are at full capacity already, the only
way a team can become more comprehensive is to increase the involvement of clinical staff

members.

This pulse sets off the rest of the system; as System Dynamics founder Jay W. Forrester
recommends:

“...our first investigations should be designed to divulge the inherent internal
characteristics of the system itself. One way is to start from a condition of steady-state
balance, then to provide an initial disturbance, and to observe the ensuing interactions
within the system.”[107] (p. 200)

How clinicians react to this initial pulse depends on the structure of the system, which includes
their preferences (left side of the figure above). Each policy contains a table function that
identifies how the information input is interpreted and acted upon. Each is described in a

separate sub-section below.
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3.4.2.6.1 PERCEIVED MA CAPABILITY RATIO

The Perceived MA Capability Ratio is the MD’s perception of the MA’s capability divided by the
maximum capability that the MA can attain. The MA may be performing at a higher capability
level, but clinicians take time to realize that the MA’s capabilities have increased. This is

modeled via a goal-gap structure where the perception delay is assumed to be two months.

The clinicians' willingness to shift tasks changes relative to this ratio (see Figure 3.49). Under
normal conditions, this ratio equals 0.5 and the clinicians’ change in willingness is zero (0.5, 0),
otherwise the MD would be shifting tasks under normal conditions (and we know that the MD
is not doing so). We also know that, at max task-shifting, the MA capability ratio is 1 and the
MD is 100% willing (1,1). In between these points, we assume S-shaped growth because
clinicians may initially be more hesitant even when an increase in the ratio is observed, then as
that increase persists, they become more willing, but then toward the end they again become

more hesitant because, for example, the tasks are more complex.

Figure 3.49 Effect of MA Capability on MD willingness
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3.4.2.6.2 MD SALARY RATIO

The MD Salary Ratio is the perceived monthly salary divided by the desired monthly salary.

Again, a goal gap formulation is used with a perception delay of 2 months.

Under normal conditions, we assume that this ratio equals 1 (clinicians receive their desired
monthly salary) (Figure 3.50). As long as clinicians are receiving the desired salary, we assume
that they are satisfied and therefore willing to entertain the idea of task-shifting (1,1). We also
assume that clinicians would be pleased with receiving more than the desired salary (2,1).
However, we know that clinicians are sensitive to decreases in salary. We assume that
clinicians are unwilling to accept less than 75% of their desired monthly salary (0.75,0).
Between these points, clinicians are initially more hesitant to stop task-shifting, when an initial
decrease in the ratio is observed — it is to be expected given the uncompensated time spent
training MAs. Therefore, clinicians’ hesitance to grow their willingness increases. Below 75%
of their desired salary level, clinicians actively resist task-shifting, pulling back on past task-
shifting (i.e., a negative change to willingness) until reaching 50% of their desired salary when
they pull back on all task-shifting (0.5,-1). Following the graph the other way, as clinicians see
their salary getting a little better than the 50%, their willingness increases slowly (moving from
active resistance back toward full willingness). As the salary ratio continues increasing,

willingness increases more quickly.

Figure 3.50 Effect of MD monthly salary on MD's willingness
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3.4.2.6.3 PATIENT SATISFACTION RATIO

The Patient Satisfaction Ratio is made up of clinicians’ perception of their patients’ satisfaction
divided by the initial patient satisfaction. A goal-gap formulation is used, with a perception

delay of 3 months.

In interviews, clinicians often reported that they were concerned with the increased wait times
as the team was struggling to implement PCT (referred to as the service delay). Therefore, in
the model, patient satisfaction is derived from the “time to complete backlog of technical

tasks” as these are the tasks that patients are assumed to care most about.

Patient satisfaction is derived from this delay using the table function below. A three-month
delay (assumed to be normal conditions) has no effect on patient satisfaction (3,1) (Figure
3.51). Having a smaller delay would keep patients equally happy (0,1). A longer delay impacts
patient satisfaction linearly, where a 6 month backlog results in a zero patient satisfaction

score (6,0).

Figure 3.51 Effect of time to complete backlog of Tech tasks on Patient Satisfaction
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Clinicians perceive and react to this patient satisfaction via the table function in Figure 3.52
below. When patients are perceived as satisfied, clinicians are satisfied with the way things
are and would therefore entertain the idea of task-shifting (1,1). As the ratio decreases,
clinicians would be less willing to continue task-shifting, at first giving more of the benefit of
the doubt (being more hesitant to decrease willingness) but then decreasing it more quickly
until losing the willingness all together at a ratio of 0.75 (0.75,0). Any further decrease in the
ratio will result in clinicians pulling back on the task-shifting already given (i.e., active

resistance). When the ratio reaches 0.50, clinicians become completely unwilling to shift tasks.

Figure 3.52 Effect of perceived patient satisfaction on MD Willingness
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3.4.2.6.4 MD CAUTION

For MD Caution, a ratio is used to gauge how close clinicians are to their maximum level of
willingness to shift tasks. This willingness ratio is the current level of willingness divided by the
max level of willingness. It modifies the stock of the MD’s willingness to shift tasks via a table

function with a 4-month delay.

Clinicians are assumed to be inherently willing to trust others and therefore willing to try task-
shifting (0,1) to (0.6,1) but their actual willingness (i.e., the value of the stock) does not
increase under normal conditions because MAs have not shown themselves to be capable of
task-shifting (i.e., the zero value from the effect of the Perceived MA Capability ratio on
willingness results in no change to the zero level of willingness to shift tasks). With a kickstart
from management, clinicians see improvement in MAs’ Capabilities while also seeing that their
salary and patients’ satisfaction are not adversely affected — these values result in their

absolute multiplicative positive change in the amount of willingness.

As clinicians’ willingness exceeds 60% of their max level, they begin to hesitate to trust,
knowing that the remaining non-technical tasks are close to the top of clinical staff members’
licensure. Out of an abundance of caution, clinicians are less willing to shift tasks as they pass
this point, even though the other effect values may be encouraging. This is shown in the table
function via a curved decrease (from (0.60, 1)) all the way to (1,0) when the max willingness
has been reached and the effect on further willingness is zero (i.e., no further inflow of

willingness) (Figure 3.53).

Figure 3.53 Effect of willingness ratio on further changes to willingness
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3.4.2.7 MEASURES OF INTEREST

The primary measure of interest is adherence to clinical guidelines (referred to in the
Simulation Model as “actual adherence to clinical guidelines” to distinguish it from the team’s
attempted level of adherence). It is calculated by dividing the total amount of patient care
delivered divided by the total possible (needed to attain full adherence to clinical guidelines).
This is the primary measure of interest because it could be considered a composite measure of
the tenets of primary care — when one is delivering accessible, coordinated and
comprehensive care in a continuous relationship with their patients, one is delivering primary

care that is aligned with its aim.

The model also tracks other measures that were mentioned in participant interviews and of
interest to stakeholders, such as: satisfaction for patients, clinicians and clinical staff members;
productivity and salary for clinicians and clinical staff members; as well as clinic revenue and

expenses.
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3.5CROSS-PHASE STEP: VALIDATION

Given the high validation cessation threshold observed for this research (Section 3.5.1 below),

an extensive set of validation tests is employed. This set is comprehensive of SDM standard

method model validation tests of structure, behavior (and culture), except those involving

longitudinal numeric data. Given the gaps in SDM standard method validation tests described

in Chapter 2, new tests which use mental data were developed for both model and meta-level

validation. These tests are used in concert with the SDM standard method model validation

tests.

Table 3.4 below presents the validation methods, in the order that they are presented in this

section. Model-specific validation tests were used in the various phases of model

development (i.e., Phases 2 - 4). Meta-level validation tests were referred to throughout and

present my reflection on the meta-level validity of this work — they are aspects of validity

that relate to the overall project. The first column lists the test, the second column identifies

the validation level, and the third column identifies the issue addressed.

Table 3.4 Validation Methods
Method Level Issue addressed
When should the researcher feel
. sufficiently confident to move
Cessation Meta .
from developing the model to
using it?
Are the data upon which the
Data Suitability Meta model is based used within the
scope of their limitations?
What are the trade-offs of the
Methods Suitability Meta specific modeling approach used
in this research?
Phase 2
e Shared Mental Model Saturation (SMM-S) Is m?del development ready to
e  Conceptual Model Saturation (CM-S) Model | continue?
. SMM1 =>SMM2 =>SMM3
e  Stakeholder Dialogue
Phase3 & 4
e SDM Standard Method Validation Tests Is m9de| development ready to
e  Simulation Model Saturation (SIM-S) Model continue?
. SIM1 => SIM2 => SIM3
e Stakeholder Dialogue
Does the target group see SDM
System Dynamics Saturation (SD-S) Meta research as a useful way of
addressing the problem?
Who, when, and how were
Stakeholder Dialogue Suitability Meta stakeholders engaged in

validation?
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3.5.1CESSATION

The validation cessation threshold is a framework which permits researchers to consider, in a

comprehensive way, how much effort they should place in validation. Traditionally

researchers using modeling report that budgets largely determine how much effort is placed in
validation[161]. On the other hand, researchers using other social science methodologies can
complement this important consideration with more data-driven techniques to assess the
point at which they should stop analyzing data (developing a theory or model) and begin using

what they found.

| drew from one of these techniques — the Grounded Theory concept of saturation — to justify
and design my newly-developed model development tests. Three of these saturation tests
(SMM-S, CM-S and SIM-S) helped me to know when | could feel confident that a stage of
model development was completed, and a fourth test (SD-S) helped me to consider how
appropriate my target audience might judge my choice of SDM to have been. Like Grounded

Theory saturation, these tests used my data as a guide.

Groesser & Schwaninger’s validation cessation threshold framework[161] (see Section 2.4.5.1)
helped me to estimate how others might evaluate the research as a whole using the broader
features of the research itself as a guide. These included features of my data as well as of my
research’s stakeholders, and of my own expertise with SDM. Considering these features, |
observed that this research would need to pass a high Validation Cessation Threshold. The

factors upon which this determination was made are described in Table 3.5 below.
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Table 3.5 Description of Factors for Assessing the Validation Cessation Threshold
Factor Description Determination
Relative Importance/Risk of See Chapter 1 description. High
Decision
Target Group’s Expectations As this dissertation research is one piece of Low

the Mixed Methods Project, and one that was
added after initial grant submissions,
expectations for this piece are low.
Target Group's Experience with | Stakeholders in the HSDO do not have Low
Modeling experience with this type of modeling.
The Researcher's Level of I learned SDM over the course of this Low
Expertise dissertation.
Model Size The Simulation Model is labeled as mid-range | Mid
in size because it is bigger than a typical small
policy model[202] and smaller than a typical
detailed calibrated model[203, 204].
Data Availability Interview data (transcripts focusing on PCT, Mid
oversampling of those stakeholders involved
in PCT) were deemed to be very useful (high);
Other data sources were less enlightening on
system structure and dynamics (low).
Validation Cessation Threshold High

The first type of determinations were purely subjective judgments influenced by my own
reflections and discussions with stakeholders in various phases of this research. |judge my
research subject to be relatively important and to entail a relatively high amount of risk (see
section 1.2.2). | judge my research audience’s expectations of my research and experience

with SDM, and my own level of expertise in SDM all to be low.

The second type of determinations were partially subjective and were informed by my data. |
considered that a mid-range size simulation model would be appropriate for my work: a small
model would have been too small for my qualitative models and a large predictive model was
beyond my problem statement. | considered my data availability to be of a mid-range (mental

data high, written and numeric data low).

Figure 3.54 below shows the validation cessation threshold framework. The input variables on
the outside of the framework were assigned the values in Table 3.5 above (determination
column). | applied the Groesser & Schwaninger framework using the following approach. |
considered the input variables to have three possible values (high, mid and low, shown in red)
and that their interaction would be linear and of equal proportion. In other words, if | judged
one variable to be high and another to be low and both influenced a third variable with
positive polarity links, the result would be mid, the average of the two inputs. The resulting
values (blue text) were then also used in like manner to determine the value of their resulting

variable — the validation cessation threshold (green text).
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For example, the Potential degree of validity of the model depends on the availability of good
data for modeling (upon which the model is based and/or validated — Data intensity) and upon
the expertise of the modeler in modeling from the data and using the data for validation
purposes — Modeler’s level of expertise. A “low” level of expertise and “mid” level of data
availability were averaged to be a “mid-low” level of Data intensity. With a low level of

expertise this led to a “mid-low-low” level of Potential degree of validity of the model.

Figure 3.54 Applying Groesser & Schwaninger’s Framework to this Dissertation Research

. Target group’s experience
Relative importance/ with modeling

risk of decision low
high l

Model size ~_+ Cost of h,

mid ..~ Validation Cessation
validation

Target group’s mid-low Threshold

_ + + -
expectations I
low .
o+ Potential degree of
Data intensity ———

mid-low validity of the model

/+ + mid-low-low
Data /

availability Modeler’s level of

mid expertise
low
This figure is adapted from Groesser & Schwaninger’s framework[161]. For each factor, |
assign the determination made in Table 3.5 above (red text). Then, | use the arrow polarity
to determine the value of the intermediate variables (blue text), finally leading to the
determination for the validation cessation threshold (green text).

Since the validation cessation threshold was found to be high, an extensive application of
validation tests is indicated. As described in Chapter 2, the validation tests | employ comprise
all aspects of validity (conceptual, formulational, experimental and data validity) considered in
SDM. The results of this thorough assessment (presented throughout Section 3.6.2.1);

together, providing a high level of evidence for the potential usefulness of my research.
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3.5.2DATA SUITABILITY

This test considers whether the most important model assumptions are being made on the
right kind of data, and whether that data is suitable. Like the other validation tests, it is not
pass/fail but rather a reflection exercise such that the modeler is confident in and reports the

uses of available data.

Table 3.6 below presents my analysis of data suitability within this research. The first column
lists the data types. The second column lists the data sources. In the third column, | describe
the data validity ascribed to these data (upon reflection on being reliable/appropriate,
accessible, and sufficient). The fourth column documents the determination that | made with
respect to the use of these data in model development. In the fifth column, | document the
way(s) in which each data type was used in model development. During model development

and upon model completion, columns four and five are compared.

For each type of data, | consider two types of datasets. For mental data, | differentiate
between data | created based on my subjective observations and raw transcript data from the
semi-structured interviews. For written data, | accessed archival meeting notes as well as
system dynamics models available in the relevant literature. For numeric data, | accessed data
managed by the Mixed Methods Project team (whether administrative data from the HSDO or
data gathered by the Mixed Methods Project team) as well as parameter estimates in peer-

reviewed publications.

Each type of data source contributed to model development. | relied primarily on mental data
to build and validate the model. Written data provided background information. Numerical
data aided in assigning parameter values. Each type of data was also used in preliminary work

(including the scoping study and preparing for conducting the interviews).

Datasets were available in all three types of data (mental, written and numerical). Comparing
the determination of how data could be used (column four) with the way in which each
dataset was actually used in the research (column five) indicated that data were used within

the scope of their limits.
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Table 3.6

Data Suitability in this Research

Specific Data Available

Description of Data Validity

Determination

Use in Model

quality) and data gathered
specifically for the research
(e.g., implementation,
burnout, teamness, services
utilization data)

analysis than that in the model, 2) irregular and infrequent
measurement, 3) changing variable definitions, or 4)
numerous process and outcome measures specific to what the
model treats via one aggregate variable.

Mental Field notes & reflective |t was not the purpose of these notes to document instances | Useful for developing the Used in the scoping study
Data journal of causality problem statement. Also, useful
for background knowledge.
Recorded, transcribed semi- | eInterviews were conducted such that candid descriptions Useful for model development Used to build and validate
structured interviews could be given, and discussions focused on experienced and and model validation the models
behavioral responses to system changes Also used in the scoping
eParticipants were selected for their first-hand experience, study
different perspectives, and length of time experiencing the
problem
eSufficient data was provided to understand cultural
acceptability and cognitive limits as goals and policies were
described in first-person accounts
Written HSDO management meeting | *These notes did not contain causal statements Useful for developing a timeline Used to prepare for
Data notes of PCT at the HSDO interviews as background
(conversant in terminology as
used at HSDO)
Other models[198, 205-208] | eThese models contained some generic information about Useful in broad understanding Used in considering
system dynamics alternative model structures
Numerical | Administrative data (e.g., *While datasets were accessible, each one had at least one Useful for developing the Used in the scoping study
Data productivity, satisfaction, issue; for example: 1) measurement at a different level of problem statement. Also, useful

for background knowledge.

Data in peer-reviewed
publications

ePapers provided a numerical description of the average one-
clinician primary care practice

Useful for providing parameter
values

Used for assigning model
parameter values
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3.5.3METHODS SUITABILITY

The trade-offs of the specific modeling approach (i.e., modeling methods and modeling
languages) used in this research are presented in Table 3.7 below. At the top of the table, the
methods are described briefly in three categories: elicitation, aggregation and validation.
Elicitation includes methods used in capturing individuals’ mental models. Aggregation
includes methods used in making assumptions about shared mental models. The lower
portion contains descriptions of the key trade-offs (in terms of pros and cons) for the methods
used in each of the three categories. With this information and upon further reflection
throughout the research process, | made the determination that the modeling approach used
was suitable; specifically that: 1) it addresses cultural acceptability and cognitive limitations
and uses a non-coercive approach and 2) the methods used in the modeling process did not

omit or distort important elements or relationships.
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Table 3.7

Methodological tradeoffs

Sampling design: Purposive sampling was applied to select participants based on characteristics important to the problem (to capture the different perspectives). Oversampling was used to ensure
that the various perspectives on the problem were captured comprehensively (to fully capture those different perspectives).

Elicitation methods: Participant semi-structured interviews were conducted and coded for causal statements. Purposive text analysis exposed the variables and relationships from descriptive

causal statements resulting in individual CLDs. Standardized variable names and mild pruning were then applied.

Aggregation methods: CLD Combination combines individuals’ CLDs to produce a set of CLDs based on parallel real groups (teams and then clinics), which are subsequently combined into a shared

mental model and quantified in a stories with numbers simulation model. Theoretical Model summarizes the key structures in the Simulation Model.

Validation methods: SDM standard methods for validation as well as newly developed methods for validation are used. Internal consistency is assessed using the SMM-S test; CM-S, SIM-S and SD-

S tests compare the Conceptual Model and Simulation Model to an external validation set; and stakeholders are engaged throughout. Confidence in the models is based on having met the
validation cessation threshold, across conceptual, formulational, experimental and data validity.

Methods Pros Cons
Sampling eSample came from participants with first-hand experience with the problem as well as from those with eQversampling is costly for the researcher as well as for the
Design responsibility for addressing the problem at higher administrative tiers HSDO (compensating participants for their time in the
ePurposive sampling captured diverse perspectives on this experience (based on judgment of HSDO interview)
management, evidenced by representation from all clusters in Scoping Study)
eOversampling attempted to capture many instances of each type of perspective; this approach provided
sufficient interviews for model development and validation
Elicitation eClinician and MA descriptions of causality are treated equally (regardless of individual characteristics, i.e., eOthers are treated as secondary to front-line participants.
Methods profession, tenure, affinity toward PCT) They contributed to understanding in the scoping study and

*Applying methods (purposive text analysis, pruning and CLD Combination) based on a rigorous, theory-based
definition of mental models[118, 119] ensures that the shared mental model is equal to the combination of
individuals’ mental models

validation but not to model development
*The investigator plays a large role in exposing and combining
variables, especially in development of individual CLDs

Aggregation

eAllows for the representation of how problem x arises from eSimulation and theoretical model engage

eDirect participant description was used to expose variables

Methods system structure y, as perceived by system participants with stakeholders’ mental models and and relationships. The Simulation Model requires more than
eFacilitates stakeholders’ learning about how and why their emotions this. Stakeholder dialogue and operational thinking provided
policies and mental models create the dynamics of problem x eDevelops a model to guide empirical this additional insight
eApplies an integrative methodology to produce equity between research as well as policy-making (intangible
qualitative and quantitative methods, resulting in a simulation variables are identified, given units and
model capable of telling stories with numbers quantitative relationships are theorized)

Validation eValidation cessation threshold was set for the eTests are performed throughout model building, such | eInterview participants were engaged in an early phase of

Methods research and met across conceptual, formulational, that confidence is built step by step (and revisions are research and were unable to see or use the Simulation Model

experimental and data validity types
eTests considered the structure, behavior and cultural
aspects of the problem and models

made when issues are discovered)
eDescriptive data is utilized to its maximum effect (for
elicitation, aggregation and validation)

*Model confidence relies on extensive coding of interviews
(time intensive)
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3.5.4VALIDATION IN DEVELOPING THE CONCEPTUAL MODEL (PHASE 2)

Model Participant | Team CLDs, SYINE N Cj:::‘li /al SIML IV SIM3 Theoretical
name ClDs  |Clinic CLDs . : :' Model
ode

Progression of Progression of Simulation

Conceptual Model Model

This section presents the validation results obtained while building the Conceptual Model:

CLD Combination

Shared Mental Model Saturation (SMM-S), Conceptual Model Saturation (CM-S), and Stakeholder

Dialogue.

3.5.4.1 SHARED MENTAL MODEL SATURATION
Model Participant [ Team CLDs, SMM3 / Theoretical
name CLDs Clinic CLDs SMM1 SMM2 Co:;::g:llal SIM1 SIM2 SIM3 Model

Progression of Progression of Simulation

Conceptual Model Model

CLD Combination SIM-S

The following sub-sections present the SMM-S findings demonstrating that the SMM-S Test

has been passed, that: the variables identified meet the model‘s purpose (Section 3.5.4.1.1)

and conceptual saturation has been reached (Section 3.5.4.1.2 - Section 3.5.4.1.3).
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3.54.1.1 VARIABLES MEETING MODEL’S PURPOSE

| was able to read the problem statement and tell stories using SMM1 (results not shown
here). |did this telling stories by walking around the feedback loops. These stories involved
the elements and behaviors identified in the problem statement as expressed in the feedbacks

and delays visualized in SMM1. This was also done for SMM3 (see Section 3.3.3).

Clinic CLDs identified key objectives of PCT: visits with coordinated comprehensive care, task-
shifting, teamwork (active in “Trust”, “Sharing the load”, “Team learning” loops), and financial
viability (active in “Sufficient resources” and “Incentives (Vol.)” loops). The Clinic CLDs also
surface causal mechanism behind these key objectives that participants had previously
identified as in tension. Resource loops, which are necessary for PCT, are constrained by the
incentive structure, the scheduling structure, and staffing structure (money, time, and people).

For each of these resources, there is a short-term and a long-term loop; where the short-term

constraints can be overcome in the long term.

The problem statement focuses on “primary care”. While it does not explicitly mention these
CLD variables, these variables are understood to be part of primary care as they expose
variables related to the primary care tenets as well as to clinic context. These CLD variables
and relationships are able to describe causal pathways leading to PCMH implementation
failure (e.g., through the short-term loops) as well as causal pathways leading to success in
PCMH implementation (e.g., through the loops with delays). In so doing, these variables also
hint at potential policies that may be useful in facilitating successful transformation (e.g., don’t

tie hiring MAs to profit margin).

No portion of the problem statement was found to be omitted from SMM1; indicating that the

boundaries of SMM1 appear to be well-developed.

The successful completion of this activity (where no discrepancies were identified) indicated

that SMM1 is comprehensive of the dynamics expressed in the problem statement.
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3.54.1.2 SHARED MENTAL MODEL SATURATION CURVES

Clinic CLD pair-wise comparisons were used to generate SMM-S Curves. The x-axis is the
number of clinic CLDs. The y-axis is the number of elements: in blue, clinic-specific cumulative
element counts are sorted in ascending order; and, in orange, clinic-specific new element

counts are sorted in descending order.

In all four graphs, SMM-S Curves demonstrate that saturation has been reached (see Figure
3.55). For variables, links and delays, saturation is reached after three clinics. For loops, it is
reached after two clinics. Therefore, overall, saturation has been reached with the five clinics
that were used to generate SMM1. In other words, this finding indicates that new and
relevant data regarding the elements in SMM1 have ceased to emerge. Variables, links, delays

and feedback loops in SMM1 appear to be well-developed.
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Figure 3.55
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3.5.4.1.3 SHARED MENTAL MODEL SATURATION DIAGRAMS

In the previous section, the SMM-S Curves visualize saturation for specific types of elements in
the model. In this section, | use SMM-S Diagrams to visualize the agreement between clinics
about the structure of the system. These diagrams show: 1) the percentage of clinics
identifying each relationship (Figure 3.56) and 2) the percentage of clinics explicitly identifying
each relationship (where the denominator is the number of clinics that mentioned each
relationship) (Figure 3.57). Each figure uses darker shades of color and thicker lines to indicate

a higher percentage of clinic mentions of (i.e., level of saturation in) these relationships.

Figure 3.56 shows that some relationships were mentioned more than others. A few
relationships were mentioned by only one clinic (i.e., 20% arrows). Figure 3.57 shows that key
relationships that close loops are sometimes not explicitly mentioned in clinic CLDs (i.e.,
dotted lines). Four of the labeled loops could not be closed without implicit mentions.
Another four of the labeled loops are closed by a minority of clinic CLDs. Only two of the

labeled loops could be closed relying on a majority of clinic CLDs identifying them explicitly.

These results indicate that most relationships in SMM1 are well established (i.e., many clinics
mentioned them; and, of clinics mentioning them, many mentioned them explicitly). |
reviewed the relationships that were less well established and concluded that each
relationship is plausible (i.e., in terms of bounded rationality and cultural acceptability[105,

108-110, 209-212]), that it had not been distorted, but that it was one that was just less

understood by participants and thus mentioned less often.

The SMM-S Test is passed, and the Shared Mental Model is now referred to as SMM2.
Variables identified meet the model’s purpose (as expressed in the problem statement) and
conceptual saturation has been reached. Therefore, | concluded that there was no need to

consult interviews in the saturation reserve for model development at this time.
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Figure 3.56 SMM-S Diagram — Clinic Mentions

Key
+ % of Clinics

T Positive Polarity Identifying

- -~ Negative Polarity s 20%

WRVUs per visit /\-\—\\ P’ 0%

+ Sufficient resources from wRVUs Delay —a °

60%

Q4 .
/\ @ TClinic profits'\ @ Balancing Feedback Loop & 80%
- margin P
Amount of A +' 9 ( N _ _ 100%
clinician pay Difference between Hiring new R Reinforcing Feedback Loop
+ desired and actual pay - MAs Clinician develops
Incentives (Vol.) Sufficient resources from volume relationship with O Human/Financial Resources
5 @ patient
A ‘ * ‘*' /\(K O Time as a Resource
mountof  + : -
. Volume of patient o — .
incentive pay ¥ isits errr)]our Care Team <= MA retention o
p Ratio Sharing the load .\ Clinician Salary
(=t S—
Insufficent resources Sufficient time eamworl
B
R Team learning ¥ MA Q Trust
@ satisfaction
+
Visits with coordinated, + - \ + / p

Visit time spent + MA as dead
comprehensive care A/_ training MAs \ . MA K_ end job
‘J“\_ Having sufficient time Task shifting to __l—'capabilities

allotted for the visit Insufficient time MAs +
+ +
& +
T
rust Training MAs
+  Visits on Trust @
schedule
R +
MA -- patient
+' relationship (Trust)
+
Clinician - MA
relationship (Trust) Continuity of care

(from visit to visit)

206



Figure 3.57 SMM-S Diagram — Explicit Clinic Mentions
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3.5.4.2 CONCEPTUAL MODEL SATURATION

Model Participant| Team CLDs, SMM1 ST : SMM?t’ / | SIM1 SIM2 SIM3 Theoretical
name CLDs Clinic CLDs Orl\lncsgellja Model

Progression of Progression of Simulation

ceptual Model Model

CLD Combination

SIM-S

SMM?2 was then validated using the CM-S Test and the result is the Conceptual Model (SMM3).

The following sub-sections present the CM-S findings demonstrating that the CM-S Test has
been passed: 1) CM-S Curves showing saturation, 2) CM-S Diagrams showing how well-
established each relationship is and 3) a brief note on the Rigorously-Interpreted Quotations —
for Causality (Causal RIQs) demonstrating how capable SMM2 is of exposing elements in
participants’ mental models (quotations are found in Appendix F). In so doing, Causal RIQs
provide a detailed description of each variable and link in SMM3 —the nervous system for the
Simulation Model and Theoretical Model. For a discussion of the model improvements made

during CM-S, please see Appendix F.

3.54.2.1 CONCEPTUAL MODEL SATURATION CURVES

CM-S Curves show the number of elements in SMM2 that were identified in validation-set
interviews. The x-axis is the number of participants in the model validation set. The y-axis is
the number of elements identified in validation-set interviews: in blue, participant-specific
cumulative element counts are sorted in ascending order; and, in orange, participant-specific

new element counts are sorted in descending order.

All four CM-S Curves demonstrate that saturation has been reached (see Figure 3.58).
Saturation was reached for variables, links, delays, and feedback loops after 3 to 7 participants.
Therefore, overall, saturation has been reached within the ten validation-set interviews from
Clinic 6. In other words, this finding indicates that new and relevant data regarding the

elements in SMM2 have ceased to emerge. Elements in SMM2 appear to be well-developed.
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Figure 3.58
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3.5.4.2.2 CONCEPTUAL MODEL SATURATION DIAGRAMS

CM-S Diagrams highlight the relative level of conceptual saturation for each relationship of
SMM 3 identified in model-validation-set interviews; using a thicker line to indicate a higher

percentage of participants identifying a relationship.

Figure 3.59 visualizes the percentage of participants who identify each link. 80% of
participants mentioned the new “Trust” loop. 20% of participants mentioned the new links
involving “continuity of care (from visit to visit).” 16% of the relationships were each
mentioned by only one participant. Three links were not mentioned by the validation-set

interviews (blue dashed arrows); these were kept as explained in Section 3.5.4.2.1.

Figure 3.60 visualizes the number and type of professions identifying a particular link. It shows
how understanding of relationships is shared across professions: 16% of relationships were
each mentioned by participants from only one profession, 26% by two professions, 46% by all
three and 10% by none. In total, MAs did not mention 36% of relationships, MDs and

Managers did not mention 26%.

The validation-set has perceived 90% of the same system as the model development set.
These results indicate that most relationships in SMM2 are well established. | reviewed the
relationships that were less well established via CM-S (thin lines on Figure 3.59) using Causal
RIQs presented in the next section and concluded that each relationship is plausible, that it
had not been distorted, but that it was one that was just less understood by participants and

thus mentioned less often.
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Figure 3.59 CM-S Diagram — Respondents Identifying
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Figure 3.60 CM-S Diagram - Shared Understanding Diagram
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3.5.4.2.3 RIGOROUSLY-INTERPRETED QUOTATIONS FOR CONCEPTUAL
MODEL SATURATION

Rigorous analysis of causal statements consisted of using Causal RIQs (Rigorously-Interpreted
Quotations — for Causality) to subject the variables and relationships in SMM2 to interview
transcripts set aside for validation. Detailed results for this step are presented in Appendix F.
Here, | only note that the Causal RIQs demonstrate that SMM2 is capable of exposing variables
and relationships in validation-set participants’ mental models. In so doing, this evidence

builds confidence in the causal structure of SMM3.

3.5.4.3 STAKEHOLDER DIALOGUE

Model Participant | Team CLDs, v * S cj:’:ii{al Theoretical
name CLDs Clinic CLDs Model
Model
Progression of Progression of Simulation
ceptual Model Model

CLD Combination

This section reports the cumulative results of stakeholder dialogues to this point in modeling.
Stakeholders were shown the shared mental model (the version of the shared mental model
that was in existence when each discussion was held). Stakeholders were encouraged to
question the CLD structure and point out flaws (based on their level of experience and
proximity to the system in question). Three examples of what was learned are presented

below:

e HSDO management personnel pointed out that from a clinician perspective, everyone
who needed to be seen that day would be seen that day “PERIOD” — in other words,
getting behind doesn’t mean that patients don’t get seen. For managers, this would
mean that clinicians never get behind, but in actuality they do get behind. It’s just that
they find a way to circumvent the delay before the day is over, for example: clinicians
are able to do less during the visit for each person, they stay late to finish all their
patients, and/or continuity with the clinician is broken (the patient ends up seeing a
different clinician instead). This stakeholder recommends changing the structure
related to “Visits on schedule” to clarify this point. This structure was verified during

CM-S.
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SDM experts in the health domain area helped revise the variable names used in the
SMM. For example, the variable “Capacity” had previously been named “Care team
ratio”, as that is how it was labeled by participants. This revision did not change the
structure of the model in terms of the relationships between variables, or the
conceptual definition of the variable. Although participants appreciated that a
dynamically-important aspect of capacity is that each person has differing capabilities
as they learn over time, the way of talking about team capacity emphasized the
number of MAs per clinician. In mathematical language, this ratio of personnel did not
capture the full participant descriptions. These stakeholder discussions helped to
revise the variable name to capture the larger conceptualization (in this case, capacity,

due to people and capabilities). This choice was verified during CM-S.

International health systems expert helped to identify “task-shifting” as the
appropriate term for what used to be a more complicated, verbose term that listed
several aspects of task-shifting all in one variable. This expert pointed out that this
sounded like "task-shifting" —a common term used in international health systems

work but one that was not commonly used at the HSDO. | renamed the variable.
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3.5.5VALIDATION IN DEVELOPING THE SIMULATION MODEL & POLICY
ANALYSIS (PHASES 3 & 4)

Model Participant | Team CLDs, SMML SMM2 c SMMi / | o ST e Theoretical
name CLDs Clinic CLDs o:;:eg Ta Model
odel

Progression of Progression of Simulation

Conceptual Model Model

CLD Combination

SIM-S

This section presents the validation results obtained in building the Simulation Model: SDM

Standard Method Validation Tests, Simulation Model Saturation (SIM-S), Stakeholder Dialogue.

3.5.5.1 SYSTEM DYNAMICS MODELING STANDARD VALIDATION METHODS

RESULTS
Model Participant | Team CLDs, SMML SMM2 c SMM‘: / | ST ST ST Theoretical
name CLDs Clinic CLDs 0:;:3;3 Model

Progression of Progression of Simulation
Conceptual Model Model

CLD Combination - SIM-S

SDM standard validation method were applied to the simulation model and their results are

presented in this section.
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3.5.5.1.1 BEHAVIOR REPRODUCTION (REFERENCE MODE)

Figure 3.61 presents simulation runs for the “level of adherence to clinical guidelines”
outcome measure. As evident in this figure, the simulation model is capable of reproducing
the reference mode. The green line displays behavior that corresponds to the “Successful
PCT” trajectory on the reference mode. The red line displays behavior that corresponds to the
“Suboptimal PCT” trajectory. The blue line displays behavior that corresponds to the “Failed

PCT” trajectory.

There are many combinations of policies and environmental conditions (i.e., preferences) that
reproduce some variant of the three reference mode trajectories. For example, Figure 3.61
below shows how the three modes can be reproduced using the base case scenario for task-
shifting and one of three different settings® for the clinicians’ preference for how to increase
comprehensiveness in terms of non-technical tasks when clinical staff members are perceived
to be getting behind on their work. The green line was observed using the “original” setting.
The red line was observed using an alternative preference where clinicians are more hesitant
to adjusting the inflow of non-technical tasks as the MA’s Backlog of tasks changes relative to

III

the “original” table function shape. The blue line was observed using an alternative

preference where clinicians are quicker to make this adjustment. Being too eager, too hesitant

and somewhere in the middle on this variable makes a big difference in this scenario.

Figure 3.61 Simulation Model Reproducing the Reference Mode
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39 The specific preference is “effect of MA Backlog on inflow of nonTech tasks”. The green line is
generated using the “original” setting, the red line uses “ALT3” (more hesitant) and the blue line uses
“ALT1”(more eager). See Appendix G for the original and alternative preference table functions.
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3.5.5.1.2 EXTREME POLICY

For policies that had a range of possible values, | implemented values for each policy that
represented extreme conditions and checked that the model behavior was reasonable. Take
the “kickstart amount” policy — in other words, the amount of task-shifting initially required by
clinic management and implemented by clinicians) at month 10 in the model. The model uses
a value of 0.1 or 10% increase in the amount of task-shifting. The range for this policy is 0%
(no task-shifting requirement) to 100% (where maximum task-shifting is immediately
implemented). 0% leads to the equilibrium No Task Shifting Scenario (the amount of
adherence to clinical guidelines does not change). A value below 0.1 delays the trajectory but
100% adherence is still attained. The lower the value, the more delayed the outcome. Figure
3.62 below presents the Successful Primary Care Transformation scenario trajectory (blue) as

well as trajectories for Kickstart equal to 0.06 (green) and 0.01 (red).

Figure 3.62 Extreme Conditions Test: Policy of Low Kickstart Amount
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Figure 3.63 below presents the simulation runs for kickstart amounts that are higher than the
one used in the Successful Primary Care Transformation scenario, with subsequent runs
representing more extreme conditions for this policy. The higher the kickstart amount, the
quicker the successful outcome is obtained (see red run, kickstart amount=0.12). However,
beyond a certain point, a suboptimal outcome is reached (see green line, kickstart =0.15 and
grey line, kickstart = 0.20). Under extreme conditions, when the care team starts
implementing a high amount of task-shifting, the team experiences worse-before-better

behavior in this outcome, where the final result is suboptimal (see black run, kickstart = 0.90).

Figure 3.63 Extreme Conditions Test: High Policy of Low Kickstart Amount
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For policies that are on/off, there were no extreme conditions tests (just O = off and 1 = on).

3.5.5.1.3 MODE REPRODUCTION ABILITY

| implemented several past policies in the model to see if it was able to reproduce behavior
consistent with historic behavior. The model was able to reproduce them as shown in Section

3.5.5.2.

3.5.5.1.4 BEHAVIOR PREDICTION

The model is able to reproduce the anticipated behavior for future/hypothetical situations.
Here is one example. This scenario involves having clinicians that are more hesitant to shift
tasks (table function “Alt2” is used for “effect of MA Capability on MD willingness”). The
predicted behavior would be sub-optimal or even failure of PCT (depending on the degree of

hesitation).
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Clinicians perceive the increase in MA capabilities but rewards it with a smaller increase in the
amount of willingness given for the observed increase in capabilities (smaller over the base-
case with task-shifting). This results in some improvement over time but, ultimately, the
system collapses into a failure mode (red line). This is because clinicians are getting more and
more backed up as they shift some tasks and train MAs on those tasks but do not benefit
enough (in increased capacity) from the meager amount of tasks that MAs have taken over.
Their patients perceive clinicians’ increasing backlog (in technical tasks) and become less and
less satisfied. As the level of patient satisfaction becomes less acceptable to the clinicians,
they reduce the amount of tasks that they shift. This increases their backlog (as they now are
to complete these tasks for the patients), negatively impacting their productivity as they are
overworked at this point. This exacerbates the situation and the result is a level of adherence

to clinical guidelines that is lower than the initial.

In this situation (see Figure 3.64), if the clinic management requires a higher level of initial
task-shifting (for example, kickstart amount = 0.2), the successful trajectory is obtained (and
even quicker than in the base-case; see green line). While, in the base-case, this high a
kickstart results in Suboptimal PCT; in this scenario, this increased amount of task-shifting at

the beginning compensates for the clinician’s hesitation, resulting in Successful PCT.

Figure 3.64 Behavior Prediction Example
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3.5.5.1.5 ANOMALOUS/SURPRISE BEHAVIOR

In the course of building the model and in model analysis, the model was run under various
conditions. At times, surprise behavior in certain model variables was generated in that it was
behavior that | did not expect. Upon closer examination of the variables feeding into the
variable(s) that appeared to have surprise behavior, the causes of that behavior were
identified. The causes were the behavior of those other variables feeding in as directed by the
model structure. The surprise behavior was explained and consistent with what is expected

given this closer examination — it was no longer surprising.

One surprise behavior (for me) was that it is possible to have clinicians that shift tasks too
quickly (that are too willing to shift) such that PCT results in suboptimal adherence to clinical
guidelines (see red line in Figure 3.65 below). The team becomes overwhelmed and
dissatisfied; the MA turnover increases such that the team does not reap the full benefits (e.g.,
increase of capacity) offered by task-shifting, because the team spends that excess time

training (the new MAs hired due to the higher turnover previously mentioned).

Figure 3.65 Surprise Behavior
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3.5.5.1.6 DIMENSIONAL CONSISTENCY

All of the variables in the SD simulation model have been labeled with units. When variables
are used in an equation, Vensim computes the expected units of the outcome and compares it
to the unit that the modeler has given the outcome (the units label). If this does not match,
Vensim returns an error message. Dimensional consistency requires that the units match. This

model passes dimensional consistency as confirmed by the Vensim “check units” feature [177].
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3.5.5.1.7 EXTREME CONDITIONS IN EQUATIONS

Unlike the “extreme policy” test which uses extreme values for policies to test model behavior,
the extreme conditions test uses extreme values for other variables in the model. The
simulation model passes this test. For example, | entered extreme values for the “initial ratio
of MD to MA” (which governs the number of MAs initially on the care team). | entered 0.33
(meaning that there were 6 MAs working with the 2 clinicians from the beginning). This is
possible but unlikely in initial conditions. Running the model produced the successful
trajectory for adherence to clinical guidelines and more quickly than the base-case (see red
line, Figure 3.66). No hiring was needed in this scenario. The MAs were less productive in
initial conditions (due to having excess capacity) and as the clinicians shifted more tasks to
them, not only were they able to keep up but they were able to complete training tasks more
quickly — more quickly leading to more capable MAs (see three productivity graphs in Figure

3.67 below).

Figure 3.66 Extreme Conditions — Initial MD to MA Ratio — Actual Adherence
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Figure 3.67 Extreme Conditions — Initial MD to MA Ratio — Productivity productivity per MA for MA Advanced Tasks
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3.5.5.1.8 BEHAVIOR SENSITIVITY

| implemented sensitivity analysis without policies turned on and found that varying most of
the constants did not significantly change model behavior. For these variables, the estimate

used in the model should be adequate.

The constants that did change the model output fell into two categories: (1) behavior
sensitivity was observed, as expected and (2) behavior change was observed because the
model was not placed in analytic equilibrium. In this latter case, changing the parameter value
would require changing the initial values for other parameters. Because an analytic
equilibrium model was outside of the scope of this dissertation work, a systematic testing and

documentation of this issue was not performed. See Appendix G for more detailed results.

In all variables with behavior sensitivity, additional data collection would be useful to narrow

their uncertainty.

3.5.5.1.9 BEHAVIOR BOUNDARY ADEQUACY/STRUCTURE SENSITIVITY

| implemented multiple structures thought to be equally-likely in the model during model
development. As | tested each one, those producing behavior that did not match that
described by interviews or operational thinking were abandoned. Also, those structures that
produced an overly-complex model were abandoned for simpler ones when the simpler

structures resulted in the same behavior. (Model iterations not shown.)

| modified the model to include plausible additional structure as | relaxed boundary
assumptions and | observed the resulting behavior. One example is when | added the
feedback between service delay and clinician willingness to task shift (via the impact on
perceived patient satisfaction). Patient satisfaction was not found in the Conceptual Model.
The closest variable in the Conceptual Model was “Clinician develops relationship with
patient”. This variable was not modeled until this test as interviews were unclear what

structure it would have.

When this test was performed, | put the question: Are there “potentially important feedbacks
omitted from the model” that were “important given the purpose of the model”?[113] (p.
861). | realized that this variable could feed back into the model and created the structure to
test this hypothesis. PCT could have negative impacts on the patient-clinician relationship and
clinicians could feel justified in resisting PCT for this reason. Specifically, | looked at the
Conceptual Model and realized that the link between “Capacity” and “Clinician develops
relationship with patient” is closely related to the chain of links between “Capacity” and “Visits

on schedule”. It is the on-time delivery of services that pleases or displeases patients (i.e.,
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patient satisfaction) — influencing the clinician-patient relationship. Descriptions of these links
were often framed in terms of efficiency, rather than in terms of the clinician-patient
relationship. Being inefficient could impact the clinician’s reputation, | realized. What was
missing was a variable showing patient satisfaction and how clinicians perceive that and what

they do about that.

Indeed, introducing such a structure altered the dynamics of the model to better reflect the
problem statement, in relation to the reference modes. This structure is a key mechanism
whereby clinicians determine when they should not only stop but pull back on the task-shifting

already made.
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3.5.5.1.10 POLICY SENSITIVITY

Management policies were the focus of Policy Sensitivity. | assessed the sensitivity of
management’s kickstart policy (0.1) to varying the constants in the model (note this is with
fixed salary since this is the default payment plan in the base-case scenario). The same
methods were used as in Behavior Sensitivity, only this time the task-shifting policy was turned
on. | also assessed the sensitivity of management’s clinician payment policies, considering the

guestion: under a kickstart of 0.1, what if clinicians were compensated using each payment

policy.

| found that varying most of the constants did not significantly change model behavior in these
policy runs. The constants that did change the model output, fell into three categories: (1) no
behavior change due, (2) policy sensitivity was observed, as expected, (3) behavior change was
observed because the model was not placed in analytic equilibrium. As described in behavior
sensitivity above (Section 3.5.5.1.10), for the second category, additional investigation is

warranted. See results in Appendix G for detailed results.
Future policy design might consider ways to influence sensitive variables.

3.5.5.1.11 POLICY BOUNDARY ADEQUACY

In Section 3.5.5.1.9 above, | describe the addition of patient satisfaction to the model. This
structural change also tested the sensitivity of policy recommendations to changes in the
model boundary. | found that the addition of this structure did change model behavior such
that policies had a different effect than they did previously. The reason they had a different
effect was that adding the feedback of patient satisfaction to clinician willingness further
slowed down the increase in task-shifting. This slow-down allowed the team to keep up with
training and patient care tasks (thus keeping clinician salary above what it would otherwise
be), reducing the feeling of being overwhelmed (and thus MA turnover) while continuing to
grow capabilities (and thus not losing MA capabilities gained due to what would have been

higher turnover).
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3.5.5.2 SIMULATION MODEL SATURATION

Model Participant | Team CLDs, SMML SMM2 c SMMi / | 1M1 SIM2 SIM3 Theoretical
name CLDs Clinic CLDs onceptua Model

Model

Progression of Simulation

Model

CLD Combination

SIM-S has been reached when it has been demonstrated that the simulation model does not
contain radical departures from the Causal RIQs (Rigorously-Interpreted Quotations — for
Causality). This question was considered from the perspectives of structure, behavior and
culture (as described in Appendix E). The following sub-sections present SIM-S findings

demonstrating that the SIM-S Test has been passed.

The simulation model contains the elements identified in the Conceptual Model. While writing
equations for the links involves specifying each element in greater detail, the simulation model
contains the same essential causal chains and tells the same stories as the Conceptual Model.
The simulation model was found to be within-scope of the problem statement. Figure 3.61
above demonstrates that the simulation model is capable of reproducing reference modes

identified in the problem statement and drawn in Figure 3.13.

Structures inside SIM1 were compared to the structural concepts referred to in the Causal
RIQs. Original Causal RIQs are presented in Appendix F. | found that, in all cases, the variables
and equations in the simulation model are in line with the descriptions in Causal RIQs. While
at times more or less aggregated than the quotations, the level of detail in the simulation
model was sufficient to capture the different dynamics described in the quotations. The time
frame was sufficient to capture dynamics described in quotations. The causality expressed in

guotations is evident in the simulation model. Omissions or distortions were not found.

In the Causal RIQs, participants describe real-world scenarios and policies. These are also
found in the simulation model. When these scenarios and policies were run in the simulation
model, as they were described in the quotations, the model was able to generate the expected
results (as described in these quotations). However, these results were obtained under
specific circumstances for parameters that the individual quotation did not address. Varying

these latter parameters produced results other than those expected in the quote.
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Finally, in performing the tasks described above, | found that the goals and policies described
in the quotations are also found in the simulation model, and that they are true to the
cognitive limitations inferable from the quotations. Goals are in terms of the ones that the
target group would actually desire. Policies are in terms of those that the target group could
actually implement. Decision functions? are based on information the target group actually

sees.

Following are examples of how concepts in specific quotations are represented in the model
accompanied by the model-generated behavior. Quotations are separated into the following
four sub-sections (and are presented using the same quotation numbers as for the Causal RIQs

presented in Appendix F):

Section 3.5.5.2.1 presents quotations for which the identified structure is found in the
model and the identified behavior is reproduced by the model

Section 3.5.5.2.2 presents quotations for which the identified structure has pieces that
are found in the model as well as pieces that were deemed outside the model and the
identified behavior is reproduced by the model

Section 3.5.5.2.3 presents quotations for which the identified structure is found in the
model, but was incomplete in the Conceptual Model, and the identified behavior is
reproduced by the model

Section 3.5.5.2.4 presents a general discussion of the ability of the simulation model to

represent the reference modes in Causal RIQs.

40 The term decision function is used interchangeably with the terms policy function and operating
policies in system dynamics and in this dissertation.
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3.5.5.2.1 SIMULATION MODEL REPRODUCES SCENARIOS IN QUOTATIONS

3.5.5.2.1.1 QUOTATION CL03-20
In this quote, CLO3 describes the positive impact of an increase in the MA to clinician ratio on
task-shifting. CLO3 also affirms that their relationship has noticeably improved in this
timeframe — “huge improvement” and “a lot better”. Furthermore, CLO3 ascribes the staffing
level to be around 2MDs:4MAs and 2MDs:3MAs. In the base-case, the simulation model
shows that the tipping point for task-shifting is in the center of the staffing range that CLO3

had identified; between months 37 and 50 (see blue shaded regions in Figure 3.68).

In this same quote, CLO3 then goes on to say that the MAs are “able to accommodate”, they
know what to do. In other words, they have reached a high level of capability. The simulation
model also matches this described behavior as the “MA Capabilities” complete their growth

during this period, reaching close to the maximum level (Figure 3.68).

Figure 3.68 Simulation Model Saturation for CL03-20
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3.5.5.2.1.2 QUOTATION MA03-07

This quote describes the increase in MA satisfaction that comes with task-shifting, for MAs

that desire to take on this expanded role. The Simulation Model is able to represent elements

described in this quote as follows:

e Structure

o

This MA desires to take on this expanded role. MAs in the model base-case
also desire to take on this expanded role as expressed via the “effect of MA
Capabilities on MA satisfaction” (a table function shown in Figure 3.20 above).
Alternate forms of this table function represent scenarios where the MAs have
other preferences about their expanded role.

This MA also indicates that “Task-shifting” increases “MA satisfaction”. The
simulation model also has this link. In the “MA Satisfaction” view of the
simulation model, the capabilities gained via task-shifting influence the MA’s

satisfaction via the “effect of MA Capabilities on MA satisfaction”.

e Behavior (Figure 3.69)

o

The base-case scenario in the simulation shows the behavior described in this
quotation: as task-shifting increases, the average capability of each MA grows,
eventually improving MA satisfaction.

The bumps in “Perceived MA satisfaction” are not described in this quotation.
They are due to an aspect not discussed in this quotation: the effect of the
strain on MA Capacity on MAs’ level of satisfaction. This is evident in the
graph below. The green line represents this effect in the base run. The effect
of MA Capacity on MA satisfaction starts at 1 (not increasing or decreasing MA
satisfaction). As MA capacity is strained, the green line dips down. As MA
capacity is improved, the green line returns to the original level of 1. The red
line represents the effect of MA capabilities on MA satisfaction. This effect
also starts at 1. As MA Capabilities increase, the red line increases until it
plateaus. This plateau occurs because MA capabilities have reached their

maximum level under the base-case scenario.
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Figure 3.69 Simulation Model Saturation for MA03-07
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3.5.5.2.2 SIMULATION MODEL REPRODUCES THE ESSENTIAL ASPECTS OF
SCENARIOS IN QUOTATIONS

3.5.5.2.2.1 QUOTATION MAO03-9, CL03-19, 22 THROUGH 24, CM01-57, 60 & 62
Clinicians, MAs and the center manager all reference the need for a shared understanding of
PCT in order to succeed at implementing it. While “shared understanding” is not explicitly

found in the model, there is structure that captures what these participants describe as such.

CLO3 describes how, as clinicians invest time in training their MAs for task-shifting, they build
capabilities. While the tasks are ‘X, Y and Z’, the capabilities are ‘how to do X, Y and Z’ — the
specific way in which they are done on any given team are specific to that team — the way that
clinicians on the team prefer to get it done. CLO3 states: “I have certain ways that | like doing
things” (quote 19). In the successful trajectory, all tasks that can be shifted are shifted;
however, how they are accomplished is different on each team. This fact requires team

members to have a shared understanding.

Having this understanding requires that it be built. Participants describe this need as “getting
it to the point where everybody is on the same page and everybody understands... pieces that
they need to do, in order to make it work ” (CM01-57); “you have to coordinate and get them
all on the same page... [and] change that in their minds” (CM01-60); “to have it ... be a team-

generated set of goals” (CLO3-22).

All of these participants describe how such shared understanding and team-specific

capabilities are built:

e CM
o “resolve concerns and frustrations that they go through on a daily basis to
keep the ball moving... communication” (CM01-60)
o “negotiation to find better ways to deliver care... It might be painful a little bit,

but look what could be in the end if we could get there” (CM01-62)

o “training to make it a team approach... honest about giving their feedback,
about what’s working and what’s not working...” (CL03-22)

o “enough time... how to actually implement this on the ground... trying to
figure out how to add these things... you need to have a concentrated effort,

and training, and have some administrative support...” (CL03-23)
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o “open communication... feel really accountable... and get rewarded when
they do well and get really appropriate feedback when things don’t go well....
communication process... huddles and ... team meetings and they are time
consuming... exercises where people really openly say what they think is
working and isn’t working, and how they want, like setting personal goals for
what they want to do, and how they want to make things better, and then
having someone sort of help and support them with those goals, and doing

that all together as a team...” (CL03-24)

o “clinicians are very open... to hear suggestions from the MAs, and... work with
things that way... If there is a problem, and it’s brought about in a positive,
open way... changes are made quickly... we all talk about it and we try and

figure out a way to solve it” (MA03-9)

These participants identify the need for process improvement skills as well as problem
structuring and dialogue skills to figure out how to successfully achieve PCT. MAO3 makes also
describes what happens when MDs do not have these skills and prefer to discuss issues with a
supervisor instead of with MAs (not reproduced here). While these specific processes are not
explicitly found in the model, there is structure that captures what these participants describe.

The model behavior also corresponds to participant descriptions.

e  Structure

o On-the-job training tasks are generated when clinicians shift tasks. These
training tasks are in addition to the tasks that are actually shifted. These
training tasks take time. As the team completes these training tasks, the MAs
become more capable and have more time to spend completing tasks for
patients.

o What do these training tasks consist of? All those things just outlined above by
these participants. Skilled MAs are hired. Part of the on-the-job training is
learning the specific skill not previously implemented on the team. Another
part of it is figuring out how to do it in a way that works for that team. The
model aggregates all of these into “training tasks”.

o Shared understanding is captured via the stock of “MA capabilities”.
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Behavior (see Figure 3.70)

o Training tasks accumulate as tasks are shifted. They accumulate both for

clinicians and MAs as building shared understanding requires all team

members to spend time together (out of the visit), wrestling with how to

implement PCT on their team.

o As training tasks are completed, “MA capabilities” are gained.

o Worse-before-better behavior is observed for some outcomes of interest,

under certain policy conditions; for example, for clinician salary using

encounter-based pay or wRVU based pay.

Under the encounter based pay policy (red lines), there is a temporary
decrease in clinician salary between month 43 and month 90. During
this time, clinicians’ salary is reaching below their desired salary. This
causes greater hesitation with respect to task-shifting, shown as
willingness to shift tasks in the final graph below. This lagging
willingness influences the trajectory of training and capabilities.
Under the wRVU based pay policy (blue lines), there is also a
temporary decrease in clinician salary between month 43 and month
54. This decrease is less dramatic and more short-lived. Also, salary
continues to increase after month 54 as salary is based on the higher

level of comprehensiveness delivered.
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Figure 3.70
Backlog of OnTheJob Training Tasks for MD

30,000

22,500

15,000

tasks

7500

0

0 10 20 30 40 50 60 70 80 90 100

Time (Month)
Backlog of OnTheJob Training Tasks for MD : wRVU
Backlog of OnTheJob Training Tasks for MD : encounter

MA Capabilities

600

450

w
o
o

Capabilities
z

0 10 20 30 40 50 60 70 80 90 100
Time (Month)

MA Capabilities : wRVU
MA Capabilities : encounter

Simulation Model Saturation for MA03-9, CL03-19, 22 through 24, CM01-57, 60 & 62

Backlog of OnTheJob Training Tasks for MA

40,000

30,000

20,000

tasks

10,000

0 10 20 30 40 50 60 70
Time (Month)

Backlog of OnTheJob Training Tasks for MA : wRVU
Backlog of OnTheJob Training Tasks for MA : encounter

willingness to Task Shift

1
5
[72]
8 5
[y
()]
£
= 25
=
0

0 10 20 30 40 50 60
Time (Month)

70

80

90

100

willingness to Task Shift : wRVU

willinaness to Task Shift : encounter

234



Figure 3.70 Simulation Model Saturation for MA03-9, CL03-19, 22 through 24, CM01-57, 60 & 62 (continued)
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3.5.5.2.2.2 QUOTATION CM01-43
In this quote, CMO01 describes several variables which are not explicitly-named variables in the
simulation model. | now describe how each of these variables is handled by the simulation

model.

“Clinician satisfaction” is not explicitly tracked in the simulation model, although its impact is
seen in the clinician’s willingness to shift tasks. Table functions are used in the simulation
model that link three variables that impact clinician satisfaction to the clinicians’ ultimate
decision of how much to continue shifting tasks. The three variables are MA capabilities,
monthly salary, and patient satisfaction. All else equal, if clinicians are dissatisfied with respect
to one of these three aspects, that dissatisfaction manifests in a corresponding reduction of

willingness to shift tasks.

“Clinician capabilities” is also not explicitly tracked in the simulation model, the various
capabilities are considered in a disaggregated manner. These capabilities are visible in all of
the clinician table functions’ variables (Sections 3.4.2.2 and 3.4.2.6). Each scenario describes
clinicians with differing aptitudes for a certain aspect (e.g., ability to perceive growth in MA
capabilities). These relate directly to the capabilities which clinicians in PCMH desire (e.g., see

description of desire for “team approach” in CL03-24).

“Clinician turnover” is explicitly out of scope for the simulation model. The number of
clinicians is held constant at 2. They are “in charge” of the care team. Clinicians would

therefore change their practice before they left.

3.5.5.2.2.3 QUOTATION MAO03-04, NM01-36
The MA quote describes the negative impact strained capacity has on task-shifting and on MA
satisfaction. The nurse manager quote describes the opposite effect occurring when capacity
is not strained, as well as the impact on the team’s ability to keep up with their visits. The time
frame in the model is longer than the time frame mentioned in the quotes (a day). Also, the
system scope (a clinic consisting of several teams) mentioned by the MA is larger than that
considered in the model (a single team). That said, the effect of strained capacity over longer
periods of time can be explored in the simulation model. When a model scenario shows
strained capacity, task-shifting and MA satisfaction decrease, and the team is unable to see the

number of visits they could have. This is the case in the scenario below.
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Structure

o

Strained capacity can be introduced in the model in several ways. One way is
by increasing the amount of task-shifting initially attempted (managers push
for a higher initial level, implemented with a “kick-start” of 0.15 instead of
0.10 in the base-case). The capacity of the MAs to do their job is strained as a
higher initial level of task-shifting places more work on MAs’ shoulders. As
more tasks are shifted to them, they not only do more tasks but they also
spend more time being trained. They are overworked in all the types of tasks
that they are asked to do. Figure 3.71 is an example of this. A workload ratio
of 1 means that they MAs are getting the amount of work that they are
normally able to do (above 1 means they are asked to do more than they are
normally able to). It shows the strain in MA only tasks as the workload ratio

increases to 1.4 and remains chronically high.

Behavior (Figure 3.71)

o

Both quotes describe MAs feeling stressed under strained capacity. Perceived
MA satisfaction shows this phenomenon in the green and blue lines. The
green line shows the decrease in satisfaction due to the strained capacity. The
blue line shows that overall MA satisfaction also decreases due to this strain.
MAO3 describes this as a “kink in the day”. Even though the level of MD Task-
shifting reaches 0.5 (the maximum) the team’s actual adherence to clinical
guidelines reaches an improved but suboptimal level due to this strained
capacity. The actual adherence graph shows a kink around 45 months. The
perceived MA satisfaction curve also shows the final downward trend starting
at that time.

NMO1 describes this as causing “real contention... when people get behind”.
Under strained capacity, the number of encounters per month fails to keep up
with what would have been required to reach 100% adherence to clinical
guidelines. The MD attempts to achieve this, but is chronically unable to do

SO.
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Figure 3.71 Simulation Model Saturation for MA03-04, NMO01-36
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Figure 3.71 Simulation Model Saturation for MA03-04, NM01-36 (continued)
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Figure 3.71 Simulation Model Saturation for MA03-04, NM01-36 (continued)
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3.5.5.2.3 SIMULATION MODEL CLARIFIES ASPECTS OF CONCEPTUAL MODEL

3.5.5.2.3.1 QUOTATIONS MA03-9, 23 NM01-33 AND CL03-22&24
Quotes across model-validation-set participants described how clinicians seemed to hesitate
to shift tasks until they felt confident that the MAs on their team would be capable of
completing the new tasks without errors. This recurring story is represented in the Conceptual
Model using the three variables of the Trust loop: “Clinician - MA Relationship (Trust)”, “MA
Capabilities” and “Task-shifting to MAs”. The quotes reviewed in this section address the ways
these variables are implemented in the simulation model, highlighting the importance of on-

the-job training.

Quote MAO03-9 describes that MDs lead process improvement on their team. This role involves
an element of on-the-job training when MDs meet with MAs to discuss proposed changes to
their routine (improving the way task-shifting is working). These discussions train MAs, making

them more capable of correctly performing the tasks which have been shifted to them.

CLO3-23 describes what on-the-job training means in practice. The time taken to train MAs is
valued because once they are trained they will be more capable, but that does not mean it is
an easy choice to make. In the short term, the training must be accomplished within the work

day, therefore it takes time away from completing other tasks.

NMO01-33 describes on-the-job training as “get them all functioning at the same speed” which
relates to three elements of the Conceptual Model: capabilities development delay, “MA
capabilities” and “Visit time spent training”. The Conceptual Model separates “Visit time spent
training” from the other two elements, even though it is causally linked. This emphasizes the
impact training has on efficiency in the short term, but it obscures its impact on capabilities
development, which in the long term improves efficiency. This long-term effect is displayed in
the Conceptual Model via a fourth element: the delay between “Capacity” and “having
sufficient time allotted for the visit”. Once sufficient capabilities have been attained, the drag
of “visit time spent training” on “having sufficient time allotted for the visit” is overwhelmed
by the positive influence of the more capable MAs being able to do more. The simulation
model explicitly defines the mechanisms involving on-the-job training as it relates to

capabilities development, care team capacity and having time for visits.

NMO01-33 also describes MAs as being “high performers, medium and low performers”. At an
earlier phase of PCMH implementation, it was decided that MAs would be paired with
clinicians based on their personalities and shared desire to work in a certain way. The

simulation model deals with the heterogeneity of these agents in the same way. The base run
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assumes an average set of clinicians and an average set of MAs. Scenarios allow for the

exploration of different types of pairings.

Finally, NM01-33 indicates that “when the doctor ... wants to make sure [something] gets
done, then they always go to the high performers”; in other words, capable MAs induce trust

in clinicians such that tasks are shifted to them.

CLO3-24 and CL03-22 describe that for task-shifting to reach a high level on the team, there
must be a “team approach” where a high level of trust exists between team members. The
clinician describes this trust as open communication about problems. Echoing CL03-23 above,

team-based problem-solving is the training that results in increased capabilities.

e Structure

o When a task is shifted to MAs, on-the-job training tasks are generated for MDs
and MAs. Completing these training tasks increases MAs’ capability as training
tasks are converted to capabilities (via the constant “training tasks needed to
gain capability”).

o These on-the-job training tasks take time in the day. They do not duplicate the
tasks completed for patients.

o Inthe short term, training tasks are being completed so less time is available
for patient-generated tasks. In the long term, less training is done which
increases the team’s capacity to complete patient-generated tasks.

o Clinical staff members’ differing competence with respect to learning on the
job are modeled in the scenario variables: “effect of MA capab ratio on change
in MA capab” and “training tasks needed to gain capability”. In so doing, one
can explore the impact of having a team with MAs who are high performers,
medium or low performers, on average.

o The issue of how capabilities development relates to trust is a very important
part of this model. The associated causal chain involves many variables to
implement including perceived and actual MA capabilities, training, task-
shifting, and willingness to shift tasks.

e Behavior (Figure 3.72)

o The base-case scenario in the simulation shows the behavior described in
these quotations: as willingness increases, task-shifting increases, training
tasks are generated for both MDs and MAs (as the MA becomes more capable)

the MD perceives the MAs as being more capable.
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Figure 3.72 Simulation Model Saturation for MA03-9,23 NMO01-33 and CL03-22&24
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3.5.5.2.3.2 QUOTATION CMO01-37
CMOL1 refers to “...retain[ing] the loyalty of the patient ...”. The Conceptual Model shows this
concept as two separate variables: “clinician develops relationship with patient” and
“continuity of care (from visit to visit)”. The simulation model clarifies how the clinician and
patient relationship comes into play in PCT and it does so in accordance with the description
given in this quotation. Prior to task-shifting, clinicians are performing technical and non-
technical tasks; however, their team is only able to provide 50% of the comprehensiveness
that is needed. The goal of task-shifting is to move clinicians away from non-technical tasks by
shifting those tasks to MAs. Successful task-shifting allows patients to receive 100% of the

comprehensiveness that is needed; thereby greatly increasing the quality of care.

At the same time, this increases efficiency for the two clinicians. They are able to take better
care of their patient panel. They perform the same number of tasks but the tasks that they are
performing are tasks that only they can do. More MAs have been hired so that they can take

on the non-technical tasks in addition to the tasks that only MAs can do.

Patients expect clinicians to perform technical tasks — those tasks that only clinicians can do —
and to do so in a timely manner. Patients experience satisfaction when these expectations are
met and dissatisfaction when these expectations are not met. All else equal, when clinicians
are able to see their own patients in a timely manner and provide more of the care that their

patients need, they positively impact patient satisfaction.

The simulation model structure and behavior are as follows:

e Structure

o Inthe model, clinicians are sensitive to how they are perceived by their
patients, because this impacts their patients’ loyalty.

o At month 10, task-shifting begins. This introduces a need for training.
Clinicians then work on completing three types of tasks: technical, non-
technical and training tasks. This causes delay in completion of technical tasks.

o While clinicians are behind in completing technical tasks, patient satisfaction is
negatively impacted. Patients perceive this by monitoring the ratio between
the expected and current time it takes clinicians to complete these tasks. The
expected time is the normal time it took clinicians to complete these tasks (3
months) in the past. When patients perceive it is taking their clinician longer
to complete their important technical tasks, they feel less satisfied with their
care. As clinicians catch up with their work, patients go back to their original

level of satisfaction.
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o

Clinicians are less willing to shift tasks if they perceive their patients as less
satisfied. As clinicians perceive changes to patients’ satisfaction, they adjust
their willingness to task shift accordingly.

Thus, patient loyalty is retained. Clinicians reduce their level of task-shifting

before allowing patients to become so dissatisfied that they become disloyal.

e Behavior (Figure 3.73)

o

Before task-shifting, the number of MD Tasks Completed per month is 50,000,
which is the sum of 25,000 technical (blue) and 25,000 non-technical (red)
tasks. In month 10, task-shifting begins. Initially, this has three effects on
clinician workloads: 1) training tasks begin (green), with an initial spike and
then moving into slow, then fast growth, 2) slightly more non-technical tasks
are completed by clinicians, before steeply declining and 2) slightly fewer
technical tasks are completed. After month 50, training and non-technical
tasks decline, and the clinician’s workload becomes increasingly made up of
technical tasks, which increase until reaching 50,000 per month.

The decrease in the number of technical tasks completed during the initial
period leads to an increase in the time it takes clinicians to complete these
tasks (green line in “Selected Variables” graph). This increase makes patients
less satisfied (blue line). Clinicians perceive this drop in satisfaction (red line).
As clinicians see their patients feeling less satisfied, they feel pressure to
reduce their willingness to shift tasks (red line in “Selected Variables 2” graph).
However, MAs’ capabilities are growing quickly during this same period. This
encourages the clinicians to be more willing to shift tasks (blue line).
Together, these two effects result in a slower rate of increase in willingness to

task shift (green line).
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Figure 3.73 Simulation Model Saturation for CM01-37
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3.5.5.2.4 SIMULATION MODEL REPRODUCES SYSTEM BEHAVIORS IN CAUSAL
RIGOROUSLY INTERPRETED QUOTATIONS

The simulation model was able to reproduce the system behaviors described in Causal RIQs
(Rigorously-Interpreted Quotations — for Causality). These behaviors include two of the
reference modes described in Section 3.4.1.1. Causal RIQs described scenarios where PCMH
implementation achieved “Successful PCT” and where it reached only a “Suboptimal PCT”. The
simulation model reproduced both of these behaviors, and for the same reasons described in
Causal RIQs. The model uses the same goals and policies found in the Causal RIQs, so | have
confidence that these are the policies used in the HSDO. “Successful PCT” scenarios are shown
in all of the Figures above, except Figure 3.71 above which shows a “Suboptimal PCT” scenario.
A third reference behavior mode was not mentioned in Causal RIQs. See Section 3.5.5.1.1 for

model runs showing “Failed PCT” implementation.
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3.5.5.3 STAKEHOLDER DIALOGUE

Model
name

M
Participant [ Team CLDs, SMM1 SMM2 CSM i/l SR o S Theoretical
CLDs | Clinic CLDs °:/|°eg ‘I‘a Model
odel

In this step, stakeholders were shown the simulation model. Again, stakeholders were

encouraged to question the structure and point out flaws (based on their level of experience

and proximity to the system in question). Four examples of what was learned are presented:

Health Services/Operations Management researcher using SDM discussed the need
for operational thinking regarding the clinicians’ time — that units need to make sense
for the amount of working hours clinicians actually have during the day. Another way
of thinking about this is that there is a normal workload for the amount of time
clinicians have in a day. This discussion helped me to think about the unit of time that
the simulation model would use and pointed to relevant parameters that | hoped to
find in the literature (e.g., a clinician would need to work 21 hours in a day to fully

adhere to clinical guidelines for the average panel of patients).

Experts in health services research identified the need to reorganize the “Output”
page of the model was revised to make it more useful to stakeholders. They identified
additional key output variables. Additional graphs were produced to make specific

behavioral comparisons across these variables of interest.

Experts in SDM in health helped to think through the difference between scenarios
in this research. The “Policy & Scenario Variables” view of the model contains both
variables representing actions that agents can choose to take (i.e., policies) and
variables representing potential environmental conditions (i.e., preferences) where
each constellation of these represents a different scenario. The SDM expert helped to

clarify which variables were policies and which ones were scenarios.

Experts in SDM in health helped verify the adequately bug-free nature of the model.
They were presented the model sector by sector. For each sector, they asked
guestions about formulations, running live tests of the model, checking for possible

bugs. Across multiple discussions, bugs were cleared out of the model.

At a later stage, stakeholders were shown the simulation model again, this time we also spent

some time running the model together and discussing its output. One comment induced a

model change (described below). Other comments were incorporated into my understanding

of model findings and their congruence as well as added value to what these stakeholders had

previously understood.
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The main model change that came out of these discussions was the addition of pink noise (see
Section 3.4.2.5). A primary care expert questioned the formulation for calculating revenue.
The stakeholder, a practicing clinician and health services researcher, indicated that there are
only a few CPT billing codes (generating revenue from payers) that clinicians generally choose
from when coding the complexity of a visit. He raised doubts that the revenue would increase
in step with the increase in comprehensiveness because clinicians would only use the next
higher CPT billing code*![23] once the threshold for what that type of visit entails has been
passed. Until that point, clinicians are doing more, but clinicians are not seeing the financial
benefit. He further clarified that individual clinicians are expected to bill somewhere in the
middle of that CPT range, and that a “red flag” would be raised if clinicians started billing more

in the upper range.

These comments caused some reflection. | realized that the second part of his concern was
addressed by the fact that, with the added comprehensiveness, there were also more visits
generated (so the individual visit was not “a lot” more comprehensive than before. However,
reformulation was needed to account for the uncertainty in the payment that would be

received on any given month (the first part of his concern).

There is variation in the payment that the clinic receives each month due to the mismatch
between the lock-step increase in the cost of a visit with increase in comprehensiveness (i.e.,
visit complexity) and the stepwise increase in the reimbursement level attached to the visit
complexity codes. Clinicians might be delivering more care but not enough to get that higher
code for the visit, so the additional compensation is not received. In another visit, clinicians
might be delivering less care but within the range of care for a visit of that code type,
qualifying for the same CPT code (and thus the same amount of revenue). These variations do
not necessarily average out within the month, causing fluctuations in monthly revenue, so

they need to be represented in the model.

With noise, sometimes reimbursement is more than cost, sometimes it is less than cost. So,
there are losses and profits. Sometimes, the losses are great (when the mismatch between
cost and compensation is high), forcing policy response that the model could not previously
induce (e.g., sharper regression in TS and an MA hiring freeze). Without noise, in the previous
model, the revenue losses came so slowly that a net level of MA attrition over hiring and a

gradual rate of regressing on TS could compensate (more drastic policies were never induced).

41 CPT codes for primary care include 99211-99215 (office visit, established patient) as well as 99201-
99205 (initial office visit); where the higher the number in the sequence, the more complex the visit.
For a complete list of codes and example vignettes, see the American Medical Association CPT
Knowledge Base.
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3.5.6SYSTEM DYNAMICS SATURATION

This section presents how model-validation-set interviews demonstrate that the SD-S Test has
been passed. The SD-S Test queries the validation-set interviews to verify that the target
group sees SDM research as a useful way of addressing the problem under investigation.
Specifically, it verifies participants are aware of their mental models, that these mental models
contain causality, and that, together with system structure, mental models are perceived to be
causing their problem. Evidence for these claims is presented one piece at a time over four

sections.

While SMM-S, CM-S and SIM-S results are presented in their own sections above, results from
these validation tests that contribute to the SD-S Test are briefly discussed here as well
(Section 3.5.6.1). Then, | present visualizations of the extent to which causality forms part of
validation set participants’ mental models in the Information Accumulation Graphs (Section
3.5.6.2). Finally, | present a sample of the Rigorously-Interpreted Quotations from the model-
validation-set that demonstrate the passing of SD-S. Two types are presented. Results come

from all model-validation-set participants.

The first type are Causal RIQs (Rigorously-Interpreted Quotations — for Causality). These are
equivalent to the quotations presented in CM-S (Appendix F), with the difference being that
this section only considers statements coded with a system dynamics-related item?2. As this
section uses a rich dataset of participants’ perceptions of their system, several angles are

explored: tensions, time delays and feedback loops (Section 3.5.6.3).

The second type are Cognitive RIQs (Rigorously-Interpreted Quotations — for Cognition). These
consider conceptual statements coded with a system dynamics-related item*® (Section
3.5.6.4). These verify that participants understand that they have mental models as
characterized in SDM, that these models are important, that these models can (and indeed

must) change, and that doing so involves emotional engagement.

42 |n causal statements, these items include time delays and feedback loops.
4 In conceptual statements, these items include descriptions of mental models, their own and those of
others in the system, as well as the importance of mental models and emotional engagement to
understanding and addressing the problem statement.
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3.5.6.1 PRIOR SATURATION RESULTS CONTRIBUTING TO SYSTEM DYNAMICS
SATURATION

The SMM-S Diagrams and CM-S Diagrams demonstrate that individual clinicians and MAs have
mental models with causality and time delays, and that the Shared Mental Model has a
structure with time delays and feedbacks. As these diagrams also visually display variation in
the number of people (which also includes managers in CM-S) and clinics (SMM-S) recognizing
individual relationships, these diagrams also demonstrate that the structure of the entire
Shared Mental Model is not seen by individual participants**. SMM-S Diagrams are found in

Section 3.5.4.1.3 and CM-S Diagrams are found in Section 3.5.4.2.2.

CM-S Diagrams also demonstrate that clinicians and MAs’ have mental models as
characterized in SDM. The Cognitive RIQs show how participants’ understand this in a direct
way (Section 3.5.6.4). The “CM-S Diagram — Respondents Identifying” (Figure 3.59) indirectly

demonstrates the following mental model characteristics:

e Validation-set participants perceive 90% of links in the Shared Mental Model (SMM2),
supporting the assumption that the model’s causal structure is analogous to the
perceived structure of the real external system.

e Participants perceive only part of this system, supporting the assumption that
individual mental models are limited.

e 30% of links in SMM2 were mentioned by 60% or more of participants in the validation

set, supporting the assumption that mental models are accessible.

| also wish to make special note of the “CM-S Diagram — Shared Understanding Diagram”. This
visualizes the variation in individuals” mental models when aggregated by the three
professions directly accountable for PCT (Figure 3.60). The diagram indicates that all three
professions have limits to the extent of their shared understanding. More than half of the
links are not fully shared across professions, indicating important blind spots in understanding

how PCT works. In other words, each profession is using narrow mental models.

In the CM-S Diagrams, “Task-shifting --| |2+ MA Capabilities” is at the core of participants’
shared perception of PCT. Itis both the best understood and most-widely-understood link in
SMM2. For example, one participant’s interview (CL03) shows how this time delay and
proximate causal links can form an important part of one’s mental model of PCT. CLO3

validated this link with a disproportionate share of statements (this person contributed 35% of

4 SMM-S Curves and CM-S Curves also demonstrate this point. In showing accumulation of elements as
more clinics (in SMM-S) or interviews (CM-S) are added, these curves show that the entire structure is
not seen by individual participants.
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all validation-set participants’ statements discussing this link). CLO3 describes this link in
chains involving 7 other links and refers to it in 70% of words in all CLO3’s causal statements.
Across these statements, CLO3 explains this link using one of the most typical and dynamically-
important aspects of time delays: they cause frustration and make organizational work

difficult[213, 214].

The SIM-S Test reviews Causal RIQs to check that the simulation model does not contain
radical departures from those statements (Section 3.5.5.2). In so doing, it is another check
that participants do indeed see these causal structures and delays (at this stage, as they are

represented in the simulation model).

3.5.6.2INFORMATION ACCUMULATION GRAPHS

Information Accumulation Graphs visualize the inflow and accumulation of various types* of
information over the course of an interview. One of these types of information is causal
information relevant to the problem statement. While individual graphs display variation
across participants, all of these graphs show some amount of causal information. In so doing,
they demonstrate the extent to which model-validation-set participants see causality in the

system and in the problem being described.

Figure 3.74 presents Information Accumulation Graphs for MAs, clinicians, and clinic
management personnel. The y-axis shows the word count from the interview transcript. The
blue and gray lines show how each individual statement (x-axis) contributes to the
accumulation for each information type (extraneous, conceptual and causal); in other words,
the inflow of words into the specific information type due to that statement. As concepts
outside the boundaries of PCT are discussed, extraneous information grows — shown in green.
As the concepts validate causal assumptions, causal information accumulates — shown in red.
As concepts are discussed which validate or deepen understanding of variables, but not

relationships, conceptual information accumulates — shown in orange.

An interview with a red line dominating the graph is rich in causal information about the

problem statement. An interview with equal orange and red lines has this information, but

% These types are: causal information, conceptual information, system dynamics related items and
extraneous information. Causal information identifies cause and effect between at least two variables.
Conceptual information provides detailed definitions of meanings attached to concepts or assumptions
(e.g., system boundary, time step, time horizon). System dynamics-related items can be found in causal
information (showing awareness of complex elements of structure: delays, feedbacks, stocks, flows and
nonlinearities) and conceptual information (showing that mental models and emotions are important to
problem owners). Extraneous information is information that is not relevant to the problem statement.
(See Appendix E for more details).
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also spends time providing details regarding a variable. Finally, an interview which is
dominated by a green line spends most of the time discussing issues which were not germane

to the problem statement. It is the first of these three lines (red) which demonstrates SD-S.

SD-S is demonstrated as all of these participants provided numerous causal (and conceptual)
statements — statements that are relevant to and elucidate the causal structure of the problem
statement. 75% of both the MA and clinician interviews are dominated by red lines. While
neither management interview is dominated by red lines, these interviews contain a similar

amount of causal information (see word counts).

These graphs also point out that some participants spend a lot of (and sometimes the most)
time discussing extraneous concepts. These statements were reviewed and confirmed to be
extraneous as they were normative statements lacking depth of description of variables as
well as links to other variables. The existance of extraneous statements does not detract from
the existance of causal (and conceptual) statements. It merely demonstrates variation in the
way in which participants described their mental models and overall feelings about the

transformation underway.
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Figure 3.74

Participant Information Accumulation Graphs
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3.5.6.3 CAUSAL RIGOROUSLY-INTERPRETED QUOTATIONS FOR SYSTEM
DYNAMICS SATURATION

This section uses quotes coded as containing system dynamics-related items from model-
validation-set interviews to demonstrate perceptions of causality: (1) when tensions

(interpreted as a system structure) are perceived to be causing the problem and (2) when
participants’ mental models contain causality, time delays and feedback loops — structural
elements which are appropriately addressed using SDM. Demonstrating that participants

perceive causality in this way is sufficient to pass this part of the SD-S Test.

3.5.6.3.1 EVIDENCE OF TENSIONS

This section presents one way?® that participants verify tensions: participants can directly
describe the tensions in terms of a trade-off and frustrating emotions. This section provides

two typical examples.

In quote MA03-03 (analyzed in more depth in Appendix F), MAO3 explicitly calls out the

tensions that MAO3 sees as “conflicts”.

MAO03-03 “It seems like, like we are being told ... ‘get the patients through faster’ but
we need to sit down with them and have a conversation with them. But we need to
be fast. And, we don’t want to keep the patients waiting. But we need to double book
these patients. And you know... so there are a lot of conflicts” (emphasis added).

CLO1 describes how tensions exist in the system which require clinicians to constantly balance
quality and revenue. The tension is a “reality” which prevents either variable from being

optimized.

CLO1-26 “The same questions of delivering excellent care versus making money, which
is a reality. We are always trying to balance that out.” (Emphasis added).

The tensions are described by positing two variables which are crucial to achieving PCT. In
these quotes, these variables are the primary care tenets of access (e.g., “be fast”, “double
book”, “making money”) and comprehensiveness (e.g., “have a conversation”, “excellent
care”). Next, the participants imply that the two variables interact with each other (e.g.,
“there are a lot of conflicts”, “balance that out”) in a system which governs participants’ ability
to raise and maintain the level of both variables simultaneously (e.g., “we are being told ...

but”, “the same questions ... we are always trying”). Direct participants see the tensions as

crucial, misunderstood and taken-for-granted. Tensions are crucial because the variables

46 participants can also indirectly describe the tensions in terms of emotional strain in frustrating
situations, without direct reference to a trade-off. Validations of this type are found in Section
3.5.6.3.2.1 Time Delays (Table 3.8) and Section 3.5.6.4. Cognitive RIQs.
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often include at least one of the four tenets. Tensions are misunderstood in that they are
always described in the form of a struggle with uncertain issues (“we are being told ... but ...
and [x3] ... conflicts”, “questions ... trying”). Tensions are also considered as taken for granted
to be part of the system (“same questions ... always”). Tensions, therefore, are necessary for

understanding PCT and, possibly, for understanding primary care.

Generally, participants perceived each tension as being a pair of variables (A,B) with
simultaneous interactions between them (A->B—>A) which result in each variable limiting the
ability of the other to grow. Participants see this tension as having mechanisms and
implications which are poorly understood (A—=>system—=>B->system—>A). SDM is useful in
researching problems of this type, as it uses systems of variables which interact via
simultaneous differential equations to simulate the implications of the causal structure
underlying a problem. This fully represents the tensions. These simulation models have a
simple visual language to display these interactions and friendly algebra for calculating the
interactions in equations. SDM also requires that decision functions consider the cognitive
limitations of decision-makers (e.g., asking what information would they have and when[113]
(p. 516-520]) and the cultural milieu of organizations[105, 108]. To achieve this objective,
SDM seeks, where possible, to ground the conceptual basis of its models in the mental
databases of direct problem participants[113] (p. 520). Demonstrating that participants
perceive tensions, therefore supports the assumption that participants will see SDM as a

useful way to study the problem.

3.5.6.3.2 EVIDENCE OF CAUSALITY

Some evidence for participants’ perception of causality has already been presented®’. This
section provides specific examples for two types of causal relations: time delays and feedback
loops. Time delays are a specific type of causal link. These links take longer for their effect to
be seen than other links in the system. The relative difference between the length of time for
some links (i.e., instantaneous links) and the length of time that constitutes a time delay
depends on the system scope and time scale mentioned in the problem statement. Feedback
loops are a set of causal links. Feedback loops occur when a set of links forms a circular chain

of cause and effect (A>B—>C—>A). For the most part, feedback loops are considered to be

47 The Causal RIQs developed in CM-S demonstrate how participants in the validation-set saw causal
links between variables in the system surrounding PCT. These causal relationships were described in
several ways. Some examples include using metaphors, passive description (i.e., A>B “B is caused by
A”), in hypothetical if/then scenarios, or through telling behavioral event stories with first/then
sequences of actions. The Information Accumulation Graphs above show that every participant in the
model-validation-set spent significant portions of their interview using causality to describe PCT.
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beyond the cognitive capacities of individuals[133]. There are many statements where delays
and/or feedbacks are described in a single statement, but neither is considered to be a
perception of delay or feedback unless the participant describes how that delay or loop

functions over time.

3.5.6.3.2.1 EVIDENCE OF TIME DELAYS
This section presents quotations which demonstrate how participants perceived significant
time delays. First, two quotations are presented which demonstrate detailed description of a
time delay. Then, phrases demonstrating perception of time delays are presented, using
excerpts from the Causal RIQs from this section and CM-S. These delays are significant

because they were perceived by participants to be integral to understanding PCT.

In quote 11, MAO2 describes the challenge of estimating the length of the time delay for
achieving significant changes under PCT. One must consider the aspects of care (“things”) that
need to change as well as the different rates of change for each one (“real fast... a little
longer”). MAO2 uses the analogy of getting an object “rolling” to describe the effort which is
required to overcome the inertia in the traditional system of primary care, and cites an
approximately two-year duration until the momentum of PCT can be perceived by direct

problem participants. (Note: underlined text describes the time delays.)

MAO02-11 “Well, it’s... it takes a while to change things. | think people have to discuss
things-- the best way to do things. So I don’t know how long it would take to change
things. | don’t know. Some things we have changed real fast in our group and some
things may take a little longer. It is just hard to say. Well, it took quite a long time
to get into (PCMH) <<laughs>>. To begin with, we had a lot of doctors that were, ‘Oh
no, we aren’t doing this.” And a lot of people that were saying, ‘(No), we don’t like this
at all.” It just kind of just kept evolving ... into what we are doing now and it seems to
be fine. So it kind of took a long time to get that rolling, in this department ... Maybe
a couple years.” (Emphasis added for phrases referring to time delays).

In quote 13, MAO2 describes how a time delay can result in participants experiencing emotions
which are worse-before-better. This occurs when the initial period of change is “worse”
meaning it causes one to feel even more frustration than the original state, but once this
period is passed, this feeling is resolved and one enters a new state of the system which is

“better”, or less frustrating, than the original state.

MAO02-13) “Well, | think anything is frustrating when you first start doing it. And you
are not quite sure what you are supposed to be doing and ... But it hasn’t been that
frustrating, | don’t believe. It was a little frustrating with people trying to get along
together at first, deciding what their role was, or how we [were] going to do things.
But that seems to be resolved.” (Emphasis added for phrases referring to time delays).
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Time delays can induce negative emotional responses when expectations are not met. In
quote 13, MAO2 describes having had a higher tolerance to the frustrating aspects of the
change when compared to others on the team. MAO02’s cites the expectation that the changes
would be frustrating “when you first start” (in quote 13) as well as the recognition that

estimating the length of the delay would be very difficult (in quote 11).

Table 3.8 below presents phrases demonstrating perception of time delays, using excerpts
from the Causal RIQs from this section and CM-S (see Appendix F). Participants demonstrated

perception of significant time delays in the following ways:

e Things take time — describes an activity or set of activities which must be
accomplished before a desired action can be implemented in practice

e Progression — describes an activity which progresses more slowly over time than
expected

e Before and after — describes a significant difference in conditions which is observed in

retrospect as being the result of a specific activity.

Table 3.8 is organized as follows: the first two columns contain the phrases demonstrating the
perception of a delay and their respective quote numbers (for location of the full quote), the
next three columns are used to assign each quote*® to any of the delay perception types
mentioned above. The final column for emotion calls out when participants described delays
in terms of an emotional struggle, or that the delay caused them to experience emotional

strain.

Demonstrating delay perception supports the claim that significant delays exist in the system,
which indicate the usefulness of an SDM research approach. Participants’ attaching emotional
strain to time delays also supports their significance to PCT. More quotes refer to
“progression” than to “before and after” or “things take time”. More quotes used just one
type of delay description, than two or three. All quotes using more than one type involved the
“progression” type. Emotions were attached more often to “things take time” and
“progression”, than to “before and after”. Finally, clinicians attached emotion to their

perception of time delays more often than MAs or managers.

48 Appendix F presents the full quotes for the following participants: CLO3, MAO3, NMO01 and CMO01. The
remaining quotations, for CLO1, MAO2 and MAO4 are presented in this section. Other participants in the
model-validation-set perceived significant delays, but are not shown here.

258



Table 3.8

Participant Perceptions of a Time Delay

Type of description
for delay
Quote ° c 5
Phrases interpreted as “Time Delay” = 1) e '*5
Number - a © £
[ Q (] w
£ B | Sy
£El & | &%
e andthen end up leaving
CMO01-40 |, Another thing here and there and then eventually they just X
say
CMO01-42 |® Some [aspects of PCMH] were harder than others and [for] X
some we are still struggling
e it takes a while to change things
e |don’t know how long it would take to change things
e Some things we have changed real fast in our group and
some things may take a little longer. It is just hard to say
MA02-11 |4 jttook quite a long time X X X
e To begin with
e It just kind of just kept evolving into what we are doing now
e took along time to get that rolling
e  Maybe a couple years
MAO02-12 | e ittook a little bit e ittook a little while X
e anything is frustrating when you first start doing it
MA02-13 |, |t was a little frustrating ... at first X X
e  But that seems to be resolved
MAO03-06 | ® Honestlysince e  since we... were aware of what X
e there used to be was going on that way
MAO03-08 |® Afteryou have been here for a while and you have seen the X
same type of thing over and over again
MAO03-09 | Ifthereisanyissuethen ... andthen ... and then ... and then X
... and if
e  When I first started, | was a little bit intimidated
MAO04-10 | !wouldtryto go into [it] a little slow X
e nexttime it would progress itself to the next level where
now | know
NMO01-32 |* alongtimeago e tolearn X X
e jttooka while e  but it worked really well
NMO01-33 |® it'skindof hardtogetthemall e Inthe beginning X X
functioning at the same speed
CLO1-25 e it has become a more organized process X X
e it has become more efficient
cLo1-31 | afteracouple of times o ittakesMAsa x
e It normally takes a day or two little bit
CL03-19 e challenging X X
e  for meit was hard
CL03-21 | e it’s actually how to make it work that is challenging X
e |juststruggle. Ijustfind it very hard. There is a lot of things
CL03-22 that | feel like we could be doing better X X
e |get alittle bit frustrated
e It'sjust hard
e haven’t had enough e  concentrated effort
CL03-23 time e  trying to figure out how to add X X X
e |'ve become a little bit these things
cynical
CL03-24 e  more and more X X
e it just feels like a lot more work to do than that
CL04-29 |°® itseems like that takes a lot of work X X X
e it does take a lot more time and patience
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3.5.6.3.2.2 EVIDENCE OF FEEDBACK LOOPS
This section presents quotations which demonstrate how participants perceived feedback
loops. These quotations are presented using Causal RIQs, tables showing rigorously-
interpreted quotations for causality. A comparison is made between a single causal statement
in the transcript (left column) and the model variables and causal links which it describes in
SMM?2 (blue areas) generating an interpretation (right column lower half). This comparison
involves producing a quotation (by truncating the statement) which tells a story represented
by a portion of SMM2. When a specific phrase in the quotation refers to a model variable it is
underlined and copied to the Phrases needing interpretation section (light blue area). In this
section, phrases are placed in bullet lists adjoining the model variable(s) they refer to, in
descending order along the feedback loop’s causal chain in SMM2 (dark blue area). This causal

chain is then presented (e.g., Model Variable 2+ Model Variable) (yellow area).

The description above applies to direct perception of model variables. Indirect perception
exist when a variable is part of the loop but not explicitly mentioned in the causal statement
being analyzed. In such instances, the variable is placed in the dark blue area but a “0” is
placed in the light blue area (indicating that it was not mentioned in this quotation). In the
yellow area, this variable and associated links are still listed as part of the chain but they are
grey instead of black. This is also done for links that are not mentioned. Finally, the quotation

is interpreted (green area).

When perception of information-feedback is mentioned, Feedback Loop is identified in the
right-hand side cell, with the corresponding phrases on the left-hand side cell shown in bullet

points. The same process is followed for perception of a Time Delay.

Sometimes, a quotation will have more than one causal chain. In this case, the process above
is repeated for new phrase-variable pairs (i.e., without duplicating phrase-variable pairs).
Before delving into these tables, the reader may wish to first review Appendix F as it contains

more basic applications of the Causal RIQ tables.

The quotes from CLO1 and MA04 demonstrate perception of a feedback loop and the quote
from MAO2 demonstrates a passive description of the stages in a process which occurs with
changing dominance across feedback loops. In all cases presented, while feedback loops are
closed, not all variables and links inside the loops are mentioned. Sometimes, one link is
omitted, other times a variable is jumped over. In these cases, what is omitted is represented

in Table 3.9 using grey text.
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In quote MA04-10, MAO4 describes learning to work on a care team as a set of changes which
occurred over time through the action of several parallel processes. MA0O4 describes the
details of what changes over time and how, as well as the interactions between team
members. First, the quote describes the time delay for learning new tasks (“Task-shifting --

| | =+ MA Capabilities”). Second, it describes the interaction between clinicians and MAs. This
interaction is described as MA04 explains that clinicians came to trust MAO4 more than the
others on the team because of MA04’s superior capabilities (“MA Capabilities = Clinician - MA
Relationship (Trust)”) and that this trust translated into MAO4 being given more advanced
tasks in task-shifting (“Clinician - MA Relationship Trust =+ Task-shifting”). Taken together,
these links close the loop for the “Trust loop”. However, uniquely to MAO4, the statement also
describes the functioning and perception of this feedback loop. MAO04 perceives the action of
this feedback loop as a self-reinforcing process whereby a person’s past actions come to
benefit them in the present. The action of this loop is perceived over and over again as
changes occur and are observed gradually over time. This is an accurate description of how

feedback works, specifically, self-reinforcing positive feedback.

By inferring one link (“MA satisfaction --| | 2+ MA retention”), two additional feedback loops
(“Team Learning loop” and “Sharing the Load loop”) can be closed by this statement. This
permits MAO4-10 to describe other factors which acted to MA04’s benefit described in the
quote, including a satisfying working relationship with the other MAs on the team and a team

which has an effective capacity which is greater than the sum of its members.

In quote MA02-12, MAO2 describes PCMH implementation in terms of a closely-interacting set
of processes which evolve over time. MAO02 did not describe perceiving the feedback loop
explicitly. MAO2 does not describe MA turnover problems in this statement. However,
inferring it (i.e., the variable “MA Retention”) and the links “MA satisfaction --| | 2+ MA
retention =+ Capacity” allows the same three feedback loops mentioned by MA04 to be

closed.

In quote CLO1-25, CLO1 describes how the team’s achievements in implementing PCMH came
as a result of the way that tasks were shared with MAs. CLO1 describes how feedback is used
to monitor the progress in variables as changes occur in the system and then to take action.
This is an accurate description of the function of a limiting, negative or balancing feedback

loop.

Similar to most participants who achieved some success in implementing PCMH, CLO1 fails to
mention how the team overcame the unintended consequences of task-shifting and incentives

which prevented others from the same success (Insufficient Time loops 1 and 2). This omission
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results in two un-closed loops. Inferring the required variables and links (“Visit time spent
training MAs” and “Volume of Patient Visits”) permits us to observe what is required to

overcome these barriers to implementation. See Table 3.9 below.
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Table 3.9

Participant Perceptions of a Feedback Loop

Participant-Quote number) “Quote ... phrases
referring to variables” (word count/total words in
causal statement)

Phrase(s) needing interpretation = Model Variable

Model Variable >+ Model Variable (= = causal link, --| | 2+ = with delay, +/- = link polarity)
Interpretation

MAO04-10) “When | first started, | was a little bit
intimidated because | hadn’t been in the clinical
setting before. And so some of the procedures and
stuff were a little bit overwhelming at times. And so, |
would try to adapt to whatever procedure was going
on ... the providers are a little bit different and so |

would try to go into [it] a little slow, but also ask

questions, that way I'd feel a little more comfortable
about it. And the next time it would progress itself to
the next level, where now | know that some of the
providers will find me to help with [a] procedure
because | know exactly what they need and exactly

huge difference for myself...

“I feel like there is a lot of pressure on our team to do
things a lot faster.... anytime anybody talks about our
team, ‘it’s always so busy, it’s always so busy.” ... |
don’t think if you placed someone from another team
that’s not used to it into our team, it would not go

well. The meshing would not work for that...
“Sometimes the patients ... are a lot of time, they

overwhelm ... the providers, which in turn overwhelms

next time it would progress itself to the next level
that made a huge difference for myself

Feedback Loop

e When | first started, | was a little bit intimidated Time Delay
e | would try to go into [it] a little slow

e next time it would progress itself to the next level where now | know

e whatever procedure was going on TS

to help with [a] procedure
The meshing

what they need to have set up. So, | think that made a

little bit overwhelming at times

I'd feel a little more comfortable about it

next time it would progress itself to the next level
because | know exactly

that’s not used to it

MA capabilities

the providers are a little bit different

now | know that some of the providers will find me
because | know exactly what they need

The meshing would not work

helps the team

Clinician - MA
relationship (Trust)

| would try to adapt to whatever procedure was going on
| would try to go into [it] a little slow, but also ask

Visit time spent training
MAs

us because we get backed up. And then there is a lot
more pressure on us...
“I think that we kind of work off of each other’s

strengths, which helps the team out, and it is really
good.” (253/523)

TS --| | 2+ MA capabilities 2+ Clinician - MA relationship (Trust) 2>+ TS+ Visit time spent training MAs

Trust Loop: MAO04 describes how personal learning reinforces itself (“it would progress itself to the next level”)
through interaction with the clinicians on the team for direct training and for task-shifting.

MAs gain the trust of MDs on the team in a self-reinforcing process, where, by working through the training
and asking questions about new tasks, they build up the capability to perform new procedures. More tasks are
then delegated to them, initiating more training. Learning quickly then builds MDs’ trust for further
teamwork.
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Participant-Quote number) “Quote ... phrases
referring to variables” (word count/total words in
causal statement)

e Phrase(s) needing interpretation = Model Variable
Model Variable >+ Model Variable (- = causal link, --| | 2+ = with delay, +/- = link polarity)
Interpretation

e |ittle bit intimidated MA satisfaction
o little bit overwhelming at times
e |'d feel a little more comfortable

e itisreally good

e Overwhelm... the providers Capacity
e In turn overwhelms us

e We get backed up

e work off of each other’s strengths

e pressure on our team to do things a lot faster
e 5o busy ... so busy

e alot more pressure on us

e helps the team

e | don’t think if you placed someone from another team that’s not used to it MA retention

into our team

TS--| | >+ MA capabilities 2+ MA satisfaction MA retention—>+ Capacity=>+ TS

Team Learning Loop: MAOA4 cites a self-initiated change (“that made a huge difference for myself’) in personal
job satisfaction resulting from personal learning (Trust loop) as well as learning to be part of a high-performing
team.

MAO4 uses a hypothetical scenario which demonstrates how Team Learning works. First, a new person joins
the team. It takes time to learn the team’s “meshing”, (i.e., their task-shifting routines), so any MA would have
lower capability than the current team members, automatically lowering the average level of “MA capabilities”
on the team. A new MA in this situation would feel intimidated/overwhelmed, reducing the team’s average
level of job satisfaction. This puts the team at greater risk of retention issues (not mentioned) which (together
with reduced capability) negatively impacts the team’s effective capacity to perform their work, causing the
team’s routines to break down.
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Participant-Quote number) “Quote ... phrases
referring to variables” (word count/total words in
causal statement)

e Phrase(s) needing interpretation = Model Variable
Model Variable >+ Model Variable (- = causal link, --| | 2+ = with delay, +/- = link polarity)
Interpretation

e The patients... are a lot of time, they overwhelm... the provider Volume of patient visits
e  pressure on our team to do things a lot faster per hour

e 5o busy ... so busy

® alot more pressure on us

Volume of patient visits per hour - Capacity --| | >+ MA satisfaction MA retention—->+ Capacity

Sharing the Load Loop: Despite the high level of pressure placed on the team, MA04 experiences a high level
of job satisfaction. This is because of team members “work off each other’s strengths” (Sharing the Load
loop). This high-performing team is capable of performing their work at a much higher levels of productivity
(as referenced in the Team Learning example).

Keeping team members consistent over time gives personal and team learning the time needed to mature.
The action of these processes contributes to a high level of capacity. Increases in the level of capacity have a
gradual, positive impact on job satisfaction as work pressure becomes evenly shared across team members.
This team spirit improves team members’ work attendance and retention (link not mentioned), which are
prerequisites to having a consistent team in place.
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Participant-Quote number) “Quote ... phrases
referring to variables” (word count/total words in
causal statement)

e Phrase(s) needing interpretation = Model Variable
Model Variable >+ Model Variable (- = causal link, --| | 2+ = with delay, +/- = link polarity)
Interpretation

MAO02-12) “At first we were ... worried about working
together as a team, when we have been working as an
individual with a doctor. But uh, and it took a little bit
for everyone to kind of get in gear and get along

together as a team, and know exactly what our roles
were and what we were supposed to do. And it took a

little while to do that, and it seems to be working fine
now.”(77/90)

e At first e it took a little while Time Delay

e it took a little bit ® now

e working together e supposed to do TS

e getingear and get along e it seems to be working fine now

e ourroles

e getingear e know exactly MA capabilities

e worried about working together Clinician - MA

e getin gear and get along together as a team and know exactly what our roles | relationship (Trust)
were

Clinician - MA relationship (Trust) >+ TS --| | >+ MA capabilities =+ Clinician - MA relationship (Trust)

Trust Loop: MAO2 describes how the changes in teamwork they took time to develop. The first step was a
policy to add capacity and combine teams, from 1:1 to 2:2. This new context initiates a self-reinforcing process
which permits the new team to “get in gear”.

At the first, team members are worried about how the new working relationships will work out, indicating
clinicians trust in MAs is low. As MAs take on new tasks in TS, over time this it causes them to develop new
capabilities. But, this takes time to show. As they show this gradual learning to clinicians, the team members
learn to work together more and more closely, indicating a high level of trust.
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Participant-Quote number) “Quote ... phrases
referring to variables” (word count/total words in
causal statement)

e Phrase(s) needing interpretation = Model Variable
Model Variable >+ Model Variable (- = causal link, --| | 2+ = with delay, +/- = link polarity)
Interpretation

e asateam e we have been working as | Capacity
an individual with a
doctor
e getin gear and get along together as a e worried about working MA satisfaction
team, and know exactly what our roles were o it seems to be working
fine
0 MA retention

MA capabilities >+ MA satisfaction --| | >+ MA retention =+ Capacity =+ TS --| | 2+ MA capabilities

Team Learning loop: MAO2 describes how establishing a more trusting relationship with clinicians and
performing at a more advanced level (Trust loop), actually increases the effective capacity of the team.

As the MAs’ capabilities grow, they experience increased job satisfaction. Over time, this improves (not

mentioned here) their retention and work attendance rates, which increase the effective capacity of the team.

This more reliable/capable team permits more TS. With time, these more advanced roles add to capabilities
such that MAs “know exactly” how to perform the tasks of their new roles.

Capacity --| | >+ MA satisfaction --| | >+ MA retention =+ Capacity

Sharing the Load loop: MAQ2 describes how, despite the time it takes to learn to get along together as a team,
once it is done things work better.

With the Team Learning loop, the team’s effective capacity grows. With time, this effectively larger team
causes individual MAs to experience greater job satisfaction as the workload is more evenly shared and they
“get along together as a team”. This increased satisfaction is shown as MAs worry less about how the team
will impact their work and are confident that it is working out well. This further strengthens (unmentioned)
retention, which further builds capacity.
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Participant-Quote number) “Quote ... phrases
referring to variables” (word count/total words in
causal statement)

Phrase(s) needing interpretation = Model Variable

Model Variable >+ Model Variable (- = causal link, --| | 2+ = with delay, +/- = link polarity)
Interpretation

CLO01-25) “It has become a more organized process,
more straightforward from [the scheduling to the

“It has become more efficient... The involvement that
we have given the MAs has really helped [us] so that
we can spend more time [with patients]. Really, it
could be the same amount of minutes [but] | think that
it is more effective the way it is right now...

“I have observed that it’s a lot better: we
communicate more often, we talk about the patients

and what’s going on more often. [lIt] definitely, ends
up being a better experience for the patient.” (98/134)

e it has become a more organized process Time Delay
e it has become more efficient
e The involvement that we have given the MAs has really helped us spend more time Feedback Loop
[with patients]
e | have observed that it’s a lot better
e The involvement that we have given the MAs has really helped us so that we can spend | TS
more time [with patients]
e the way itis right now
e has really helped us MA
capabilities
e we communicate more often, we talk about the patients and what’s going on more Clinician - MA
often relationship
(Trust)

Clinician - MA relationship (Trust) >+ TS --| | >+ MA capabilities =+ Clinician - MA relationship (Trust)

Trust loop: CLO1 describes how Trust reinforces itself (“the involvement we have given the MAs has really
helped us”) and how clinicians watch for improvements (“/ have observed that it’s a lot better”) as they
delegating tasks and then observe MAs’ ability to contribute to patient care (Trust loop).

CLO1 describes a self-reinforcing process whereby clinicians on a team give increasing levels of involvement to
MAs. Over time, the MAs show their improved ability to help clinicians, for example by communicating

cogently and often about patient care. As clinicians observe these performance improvements, they are even
more willing to shift tasks.

268



Participant-Quote number) “Quote ... phrases
referring to variables” (word count/total words in
causal statement)

e Phrase(s) needing interpretation = Model Variable
Model Variable >+ Model Variable (- = causal link, --| | 2+ = with delay, +/- = link polarity)
Interpretation

0

Visit time
spent training
MAs

e spend more time with patients Having

e it could be the same amount of minutes sufficient time
allotted for
the visit

e amore organized process more straightforward from [the scheduling to the visit] Visits on

e more effective schedule

e more efficient

TS =+ Visit time spent training MAs = - Having sufficient time allotted for the visit 2>+ Visits on schedule

>+TS

Insufficient Time 1 loop: CLO1 further elaborates on the kinds of improvements that clinicians watch for (“/
have observed that it’s a lot better”) with growing task-shifting (Trust loop). These impacts include a better
operation of daily work (“more organized ... more effective ... more efficient”), which comes after some

unintended consequences of task-shifting are sorted out.

CLO1 describes how the increased involvement given to the MAs contributed to developing a “more effective”
use of visit time. This improved use of visit time must have come after an interim period in which some visit
time was used for on-the-job training of MAs. As training is completed clinicians become able to spend more
time with patients during the visits. Improved use of visit time reduces wasted time in the clinicians’ daily

schedule. As clinicians perceive their daily work as being more organized, effective and efficient, they are even

more willing to shift tasks.
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Participant-Quote number) “Quote ... phrases
referring to variables” (word count/total words in
causal statement)

e Phrase(s) needing interpretation = Model Variable
Model Variable >+ Model Variable (- = causal link, --| | 2+ = with delay, +/- = link polarity)
Interpretation

e The involvement that we have given the MAs has really helped us Capacity

e 5o that we can spend more time with patients Visits with

e it could be the same amount of minutes but | think that it is more effective coordinated,

e we talk about the patients and what’s going on comprehensiv
e care

0 Volume of
patient visits

Capacity --| | 2+ Having sufficient time allotted for the visit 2+ Visits with coordinated, comprehensive care
- Volume of Patient visits 2- Capacity

Insufficient Time 2 loop: CLO1 elaborates still further on the kinds of improvements that clinicians watch for (“/
have observed that it’s a lot better”) with growing task-shifting (Trust loop). These impacts include improved
patient care (“more time with patients ... it is more effective”) which also comes after some unintended
consequences of the clinic incentive policy are sorted out.

The greater involvement of MAs (via the action of the Trust loop and overcoming the Insufficient time 1 loop)
gradually contributed to the team experiencing an increase its effective capacity (“the involvement... has really
helped us”). With this, the team was able to make a “more effective” use of visit time, such that clinicians
spend more time with patients. This added clinician-patient time and MAs’ new ability to collect and convey
useful information about patient care for clinicians, in turn provides patients a better overall han